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Cross-Modulation Compensator 


This device permits the production of direct-positive variable-area recordings 
of higher densities and lower cross-modulation distortion than hitherto possible. 
This is accomplished by pre-distorting the recorded signal electrically so as to 
cancel the cross-modulation components produced by image spread due to the 


use of high track densities. 


I, ORDER to gain a better understanding 
of the accomplishments of the device de- 
scribed in this paper, let us review briefly 
some well-known facts. A variable-area 
soundtrack is fundamentally nothing 
more than an oscillographic trace of the 
original sound wave, having all the area 
on one side of the trace transparent, and 
all the area on the other side opaque. 
Although there are various forms of 
soundtracks, such as_ uni-lateral, bi- 
lateral, push-pull, etc., they are all de- 
signed to accomplish the same final re- 
sult, namely, to vary the light intensity 
that reaches the photocell in the repro- 
ducer, in accordance with the original 
sound wave. Due to the characteristic of 
photographic materials, complete opac- 
ity and transparency are impossible, but 
it is not difficult to obtain a density con- 
trast that will satisfy all practical require- 
ments. The quest for high density con- 
trast is dictated by the desire to produce 
a high signal-to-noise ratio. Another 
requisite of a good variable-area sound 
record is that the silver image must be 
exactly the same size and shape as the 
optical image that formed it. 

It is characteristic of all photographic 
materials to diffuse the light that pene- 
trates their surfaces. The degree of dif- 
fusion varies with different types of emul- 
sions, the wavelength of the exposing 
light and the angle at which the light 
strikes the emulsion. In addition, the 
silver image is also affected in sharpness 
and size by the type of development. The 
effect of this diffusion on the exposure for 
any small unit area, is that the total ex- 
posure in this area is dependent on the ex- 
posure of the adjacent areas. It follows 
therefore that the boundary of the silver 
image lacks sharpness and may be larger 
or smaller than the optical image. On 
soundtrack prints where the unit areas 
are comparatively large, as is true of the 
lower frequencies, the image spread is of 
negligible importance. However, at the 
higher frequencies the image spread be- 
comes an important factor. Image 
spread introduces distortion, since it al- 
ters the average transmission of high fre- 
quency waves. After taking advantage of 
Presented on May 5, 1954, at the Society’s Con- 
vention at Washington, D.C., by Edward P. 
Ancona, Jr., for the authors, Kurt Singer and 
R. V. McKie, Radio Corporation of America, 
1560 N. Vine St., Hollywood 28, Calif. 

(This paper was received on May 13, 1954.) 


all the factors which reduce the image 
spread, the silver image on a print of a 
density of 1.4 is still larger than the opti- 
cal image that formed it. Consequently, 
in order to produce the correct silver 
image on the print, it is necessary to in- 
troduce a compensating factor (image 
spread) into the negative. That is, the 
silver image on the negative must be 
larger and therefore the clear portion 
smaller by the amount of image spread in 
the print, so that when the negative is 
printed, the silver image on the print 
will be exactly the same size and shape as 
the optical image that exposed the nega- 
tive. The effects of uncontrolled image 
spread on the reproduction of sibilants 
are well known in the industry. They 
are easily recognized as an audible dis- 
tortion which makes sibilants sound 
rough and broken up. 

So far, we have been dealing only with 
the production of variable-area sound 
records by recording negatives and mak- 
ing positive prints. A compensating 
image spread has been introduced into 
the negative and/or print, in order to ob- 
tain a final result containing a minimum 
of distortion. However, when producing 
a direct-positive variable-area sound rec- 
ord, the possibility of introducing can- 
celling image spreads in the negative 
and/or print does not exist, since the 
direct-positive record itself must cor- 
respond to the final product. That is, 
the direct-positive record must be equiva- 
lent to a good print in the negative-posi- 
tive recording system. 

Let us enumerate the limitations that 
have been encountered in the past when 
recording direct-positive variable-area 
soundtracks. As pointed out just previ- 
ously, these types of soundtracks concern 
only one film, and consequently cannot 
be corrected for sibilant distortion in the 
usual manner. The balance density, as 
measured by the conventional cross- 
modulation test! for the best obtainable 
single film emulsions for acceptable low 
distortion is very low, in the order of 0.6 
or 0.7. When recording at these low 
densities, the signal output from the 
tracks is too low and excessively noisy. 

On the other hand, if one exposes for a 
density which results in increased output 
level and improved signal-to-noise ratio, 
then excessive sibilant distortion occurs. 
Since sibilant distortion, as mentioned 
previously, is caused by filling in of the 
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photographed wave pattern, due to 
image spread at high densities, a method 
is hereby described which permits adding 
an electrical signal to the recorded signal 
that will tend to compensate for this dis- 
tortion when soundtracks are developed 
to higher than balance densities. It has 
been found that it is possible to modify 
the shape of an optical image so that when 
recording direct-positive photographic 
soundtracks the changes in the optical 
image can be dimensioned in such a 
manner as to counteract the distortion 
introduced by the image spread incurred 
by the light scatter and processing of the 
emulsion. 

When image spread occurs, the de- 
crease in average transmission of a high- 
frequency signal is proportional to its 
amplitude and is some function of fre- 
quency, in general increasing as fre- 
quency increases. If a compensating 
signal is derived by passing the original 
signal through a filter having the appro- 
priate rising frequency characteristic, and 
then rectifying it, this new wave can be 
fed into the galvanometer as a bucking 
signal. By adjusting the amplitude and 
phase of this corrective signal, it is possi- 
ble to arrive at a value which provides 
optimum cancellation of the image spread 
or cross-modulation effect. 

The first step in the procedure for de- 
termining the proper compensation dis- 
tortion was to determine how much cor- 
rection was needed at each frequency at 
various densities. A number of different 
methods were tried with varying degrees 
of success, but fortunately all of them in- 
dicated the same sort of curve, proving 
beyond reasonable doubt that the curve 
that was obtained was correct. While it 
is deemed to be beyond the scope of this 
paper to explain in detail how this curve 
was derived, Fig. 1 shows the required 
compensating current for 80% and 50% 
modulation for a density of 1.3. This is 
a typical curve which is subject to minor 
variations due to processing conditions. 

It was thought at first that the correc- 
tive signal which is introduced had to 
effect a wave-by-wave correction of the 
signal in order to produce beneficial re- 
sults. While this assumption is true in 
theory, it was also found that it was im- 
possible to achieve this in practice. Two 
chief obstacles were encountered: (1) 
phase shift between the original signal 
and the corrective signal and (2) the 
limited frequency characteristic of the 
galvanometer which prevents the re- 
cording of frequencies above 9000 cycles. 
This low-pass filter effect limits the re- 
cording of second harmonics to funda- 
mental frequencies of a maximum of 4500 
cycles. 

Since in spite of these enumerated 
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limitations good correction of  cross- fication product is responsible for the ob- 


modulation distortion was obtained, an 
explanation was sought. If one _ re- 
members that the presence of cross 
modulation reduces the average transmis- 
sion of a high-frequency wave, and if one 
applies this thought to what happens to a 
9000-cycle carrier which is amplitude 
modulated with 400 cycles, one finds that 
this change in average transmission due 
to rectification produces 400 cycles, which 
is the frequency difference between 
carrier and sidebands. 

Since the presence of this type of recti- 


jectionable quality change which is ex- 
perienced when zero shift (cross modula- 
tion) occurs, it can be reasoned that if a 
quality improvement is obtained with the 
cross-modulation compensator, corrective 
means are introduced during the record- 
ing which cancel the rectification prod- 
ucts generated during film processing. 
The rectifier in the cross-modulation 
compensator generates the usual rectifi- 
cation products, consisting of sum and 
difference frequencies of the fundamentals 
and harmonics. Since the galvanometer 


does not respond to frequencies above 
9000 cycles, most of the sum frequencies 
in the rectification products cannot con- 
tribute anything to the corrective signal 
that is recorded. It can be safely as- 
sumed that the difference frequencies of 
the fundamentals occurring in the rectifi- 
cation products provide the beneficial 
components of the corrective signal 
which, when applied to the galvanometer 
in correct phase relation and amplitude, 
provide a corrective signal envelope 
which cancels the distortion product en- 
velope generated during processing. 

It is admitted that if cross-modulation 
correction would have to depend on a 
wave-by-wave correction, it would be im- 
possible to obtain practical results, due 
to the stringent phase requirements. 
However, since only approximately cor- 
rect phasing of the corrective signal en- 
velope is required, cross-modulation cor- 
rection is within the realm of practica- 
bility, as a satisfactory reduction of zero 
shift can be effected by having the correc- 
tive signal of proper amplitude approach 
a 180° phase shift. 

Figure 2 is a block schematic of a re- 
cording system employing the cross- 
modulation compensator. It can be seen 
that the recording channel setup is con- 
ventional in all respects, except that the 
input for the cross-modulation compensa- 
tor is obtained essentially at the same 
point where also the noise reduction 
amplifier input is derived. This record- 
ing channel employs biased galvanometer 
type of noise reduction, which is a re- 
quirement when producing direct-posi- 
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tive tracks. The output of the cross- 
modulation compensator is connected in 
parallel with the output of the noise re- 
duction amplifier in such a manner that 
the cross-modulation compensator out- 
put current bucks the noise reduction cur- 
rent. Thus, since the noise reduction cur- 
rent decreases with increased amplitude, 
the cross-modulation compensating cur- 
rent increases. This is in line with the 
previously explained requirement that 
the cross-modulation compensating cur- 
rent has to be proportional to signal am- 
plitude. 

The circuit of the cross-modulation 
compensator proper is illustrated in Fig. 
3. A sampling of the signal to be re- 
corded is applied to a bridging trans- 
former, the secondary of which is ter- 
minated with a suitable volume control. 
This signal, adjusted for amplitude, is 
then applied to the grid of a cathode 
follower through a frequency selective 
network, the output of which contains 
the frequency correction illustrated and 
explained earlier in this paper. The 
slope of the frequency characteristic is 6 
db per octave. It also serves to attenuate 
all frequencies below 500 cycles. 

The output of this compensating net- 
work is applied to the grid of a two-stage 
amplifier with negative feedback from 
the output tube plate to the input tube 
cathode. Negative feedback is used to 
lower the plate impedance of the beam 
power tube, V2, to improve the linearity 
and to stabilize the gain. The output of 
V2 feeds a rectifier transformer, the 
secondary voltage of which is in turn ap- 
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plied to the plates of a full-wave rectifier 
tube. The output of this rectifier is de- 
veloped across R14, and is applied with- 
out filtering to the grid of a d-c ampli- 
fier, V4. This d-c amplifier provides a 
high impedance output from the cross- 
modulation compensator so as not to load 
the galvanometer to which it will be ap- 
plied. The zero signal plate current of 
V4 has been reduced to a very low value 
by the application of a high negative 
grid bias. The unbypassed cathode re- 
sistor introduces a sufficient amount of 
current feedback so as to maintain input- 
output linearity over the required work- 
ing range. 

As can be seen, the output of the recti- 
fier is applied to the grid of the d-c ampli- 
fier without any filtering. This was found 
quite necessary in order to avoid the in- 
troduction of detrimental phase shifts. 
In fact, an earlier version of this circuit 
employed filtering of the rectifier output. 
However, preliminary tests proved be- 
yond doubt that the presence of this filter- 
ing introduced phase shifts which pre- 
vented successful operation of this earlier 
device. 

The technique of adjusting the cross- 
modulation compensator is as follows: 
At first a series of lamp current tests is 
made and processed to determine the 
correct recorder lamp current for the de- 
sired track density. Let us assume this 
track density is 1.6. This selection was 
made from considerations of freedom 
from noise and sufficient output level. 
After the lamp current tests have been 
processed, densities measured and _ the 


correct lamp current determined, a 
family of cross-modulation recordings 
with various cross-modulation compensa- 
tor currents is made. A method that has 
proven successful in practice is to keep 
the track modulation percentage con- 
stant, and to vary the input volume con- 
trol on the compensator. The following 
frequencies are then recorded: 1000 
cycles for reference level, 8000 cycles for 
high-frequency attenuation measure- 
ments, and 8000 cycles amplitude modu- 
lated 80% at 400 cycles for cross-modula- 
tion measurements. The galvanometer 
modulation is kept constant at 80% at 
1000, 8000, and at 8000 cycles modulated 
with 400 cycles. The range of compen- 
sating currents over which these tests are 
usually run is from approximately 4 to 11 
ma in 1-ma steps. The compensating 
current is always set at 8000 cycles for 
reasons explained later in this paper. 
After processing, the cross-modulation 
frequency content, namely 400 cycles, is 
measured. From these measurements the 
compensator current which produces 
minimum cross modulation is then 
selected. Let us assume that a compensa- 
tor current of 5 ma at 8000 cycles pro- 
duces minimum cross modulation. The 
recording channel gain and cross-modu- 
lation compensator gain are then ad- 
justed so that 80% modulation of the 
galvanometer at 8000 cycles produces a 
compensator current of 5 ma. The fre- 
quency of 8000 cycles has been selected 
since it lies below the resonant frequency 
of the galvanometer. Furthermore, once 
the optimum compensator current has 
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Fig. 3. Schematic diagram of cross-modulation compensator. 
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been found, all other cross-modulation 
compensators of similar recording chan- 
nels in a studio can be adjusted at 8000 
cycles, provided the processing condi- 
tions are the Also, being able to 
adjust the compensator at 8000 cycles 
presents an operating convenience, since 
audio oscillators usually readily 
available in most installations, whereas 
there might be only one modulated car- 
rier oscillator in a studio located remote 
from the various recording channels, and 
not always conveniently available for in- 
stantancous use, 

By adjusting channel and compensator 
gain in the above outlined manner, the 
compensator adjustment is independent 
of recording channel frequency charac- 
teristic, since any change in channel fre- 
quency is automatically 
reflected into the cross-modulation com- 
pensator, as it is connected at the output 
of the recording channel. 

After the optimum compensator cur- 
rent has been found, it is advisable to 
record dialogue tests. One take should 
be made at the exact compensator Cur- 
rent that was determined to be the best 
from a consideration of minimum cross 
modulation. Several additional dialogue 
tests, should be made, using 
slightly higher and lower compensator 
currents to evaluate whether the meas- 
urements results actually correspond to 
practice. In some cases it was found 
that corrections cross-modulation 
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compensator current of about 1 ma, up or 
down, produced a slight improvement. 

Before putting the experimental model 
of the cross-modulation compensator on 
actual production, direct-positive _re- 
cordings were exposed with white light 
on clear base and blue base recording 
stocks, normally used for variable-area 
negatives, and developed in a high con- 
trast soundtrack negative to a gamma of 
3.5. The densities of the direct positive 
were measured with a Western Electric 
RA-1100B densitometer, using a visual 
filter. The cross-modulation tests were 
measured on a calibrated reproducing 
system. Figures 4 and 5 show cross- 
modulation curves plotted against the 
density of the direct positive, exposed on 
clear base and blue base recording 
stocks, respectively. Since it has been 
established by numerous tests that 30-db 
cancellation of the 400-cycle component 
in cross-modulation tests is satisfactory 
for all types of material, density tolerances 
have been established at this cancellation 
value. From these curves and listening 
tests, it was evident that the density of the 
direct positives exposed on clear base re- 
cording stock could be increased from 0.7 
to 1.5 when using the cross-modulation 
compensator at a compensator current 
of 5 ma at 8000 cycles. 

The density of the tracks recorded on 
blue base stock could be increased from 
1.3 to 1.9, using again a compensator 
current of 5 ma. 
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This increase in track density that can 
be gained with the use of the cross-modu- 
lation compensator makes, in some in- 
stances, the difference between marginal 
dialogue quality due to low density 
values and exceptionally good dialogue 
quality when the cross-modulation com- 
pensator is used. 

Several models of the cross-modulation 
compensator have been used in produc- 
tion over the past year, with very satis- 
factory results. It must be admitted, 
however, that the execution of cross- 
modulation compensation as outlined in 
this paper does not always strictly ad- 
here to the precepts of theory. It should 
be mentioned in particular that the com- 
pensating current produced in this device 
is directly proportional to the amplitude 
and frequency of the recorded signal, 
whereas it can be shown by calculation 
that the magnitude of compensating cur- 
rent for optimum compensation is not 
strictly a linear function. However, this 
device represents an exceptionally well 
working practical compromise which has 
been invaluable in improving the quality 
of direct-positive variable-area record- 
ings. 


Credit is hereby given to the Advanced 
Development Group of the RCA Victor 
Division in Camden, N.J., which, under 
the direction of Glenn L. Dimmick, has 
done the basic work on the cross-modula- 
tion compensator. 
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Discussion 


Richard H. Ranger (Rangertone, Inc.): Is this all 
35mm? 


Mr. Ancona: The slides which were shown were 
based on 35mm tests; however it has been used 
at NBC in Hollywood over the past year, I be- 
lieve, on 16mm recordings. It is applicable to 
16mm work and there is data in our engineering 
files on this. 

Col. Ranger: And can you give us the figure of 
what cross-modulation cancellation you get on 
16mm? 

Mr. Ancona: 1 don’t have those figures here. I 
wasn’t involved in this work. I think they are of 
the order of what you can get with good 16mm 
prints. The improvement is substantial. 

Joseph E. Aiken (Naval Photographic Center): If 
one has a direct positive or print already made, 
which has cross-modulation distortion, and it is 
played back, or reproduced on a re-recorder or 
dummy, would the cross-modulation compensa- 
tor be effective in reducing distortion already on 
the print? 

Mr. Ancona: 1 would say no. To subtract dis- 
tortion of the cross-modulation type from a re- 
cording which already exists, would be impossi- 
ble, I should say. The compensator must be em- 
ployed during the actual exposing of recording 
stock. 


[ Note the following advice given by correspondence from 
the authors, subsequent to the Convention]: 
{Since presentation of this paper before the 
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Society, we have made additional tests in order 
to arrive at a satisfactory answer to Mr. Aiken’s 
question as to whether it would be possible to 
correct a direct positive or a print which contains 
cross-modulation distortion by the application of 
the cross-modulation compensator during play- 
back. Our tests have shown that such correction 
is feasible. We have obtained as much as 14-db 
reduction of 400-cycle output from a print which 
contains a 9000-cycle modulated with 400 cycles 
recording which measured only 23-db cancella- 
tion. While this 14-db improvement s‘ill is not 
the optimum, it represents a substantial and very 
useful gain in practice. 

[We have also made tests using speech record- 
ings containing cross modulation and have also 
found a_ substantial audible improvement 
through application of the cross-modulation com- 
pensator. We feel, however, that in order to use 
the corrective capabilities of the cross-modulation 
compensator to its fullest extent for the improve- 
ment of existing prints or direct positives, ad- 
ditional work on our part will be required. ] 


George Lewin (Signal Corps Pictorial Center): Can 
you tell us whether this has been used with any 
beneficial results in recording direct positives for 
subsequent printing to color release prints? 

Mr. Ancona: The direct positive that is used in 
printing color is, functionally speaking, a nega- 
tive and would have to be treated as such as far 
as analyzing its effect on distortion. You could 
not use this compensator in recording a negative, 
or, in the case of your question, a “printing” di- 
rect positive, because it would add to the eventual 
distortion, or rather, it would require a lower 
print density, Take the black-and-white case, if 
we are using a cross-modulation compensator to 
record a variable-area negative, the cross-modu- 
lation compensator would reduce the apparent 
image-spread distortion on the negative and 
therefore we would require a print of less density 
than we would have with an uncompensated 
negative. This is not in the direction we are 
striving to go. The whole effort in the use of this 
compensator is to produce a print record of 
higher density and therefore lower noise. So, 
offhand, I would say that this compensator would 


have no application in recording negatives or 
“printing” direct positives. 

Mauro Zambuto (Italian Films Export): My 
question is based on certain experiments that 
have been made in a completely different field 
but that are something like this. I would like to 
know, have you run any inter-modulation tests 
or any other tests that would tell you what hap- 
pens in odd harmonics because in these experi- 
ments that I mentioned, some trouble was ex- 
perienced by the fact that a certain amount of 
odd harmonics were introduced by a system of 
this sort. 

Mr. Ancona: You mean there are odd harmonics 
introduced by image spread? 

Mr. Zambuto: No. By trying to cancel certain 
even harmonics through a system of this kind, it 
so happened that we were introducing odd har- 
monics, that is, while the cross modulation was 
actually improving, there was no overall im- 
provement. Contrariwise, there was a rather bad 
effect on the inter-modulation. 

Mr. Ancona: In compensating for image-spread 
distortion in variable-area recording, we are es- 
sentially correcting what is known as envelope 
distortion and are not concerned with individual 
waves; therefore, the chief correction component 
that this compensator puts out is subharmoni- 
cally related to the signals rather than harmoni- 
cally related, so that this would have, I would say, 
no bearing on the point you bring out. We’re 
not concerned with cancelling individual distor- 
tion harmonics of the recorded signal. We're 
concerned with subharmonics. In fact, these en- 
velope products which we are attempting to can- 
cel are, for the most part, not harmonically re- 
lated to the signal. 

Mr. Zambuto: I see. In any case, you didn’t 
run any tests that would show this phenomenon, 
for instance, what happens in intermodulation — 
or did you make measurements of that kind? 

Mr. Ancona: No. In fact, on variable-area re- 
cording the intermodulation test is of very low 
sensitivity. It is of no practical use in assisting in 
variable-area processing, so we would have no 
results or inter-modulation tests as opposed to 
cross-modulation tests. 
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Theater Loudspeaker System Incor- 
porating an Acoustic-Lens Radiator 


This paper describes a two-way loudspeaker system having an extended fre- 


quency range and exceptionally uniform distribution. 


These characteristics, 


which effectively meet the requirements for the presentation of stereophonic 
sound in motion-picture theaters, are obtained by the use of an acoustic lens. 
Spherical and elliptical lens elements accommodate the distribution pattern to 


variously shaped auditoria. 


Design features of the low-frequency horn provide a 


clean response which is essentially free from resonance. 


loudspeaker systems have 
been steadily improved through the past 
years so that, for single-channel opera- 
tion, the audience receives an impression 
that it is listening to a reasonable likeness 
of the original sound. This has been 
pointed out in a paper previously pre- 
sented before the Society.' This steady 
improvement in performance has been 
achieved largely by technical advance- 
ments in the design of driver units and in 
the case of the low-frequency speaker 
by the replacement of folded horns with 
short, front-loaded horns. 

The stereophonic 
pseudostereophonic presentation in the 
theater has introduced new requirements 
which call for a re-examination of loud- 
In stereophonic 


advent of and 


speaker performance.* 
presentation, exceptionally uniform dis- 
tribution of high frequencies is partic- 
ularly desirable in order to obtain a 
realistic auditory perspective. If loud- 
speakers have a high-frequency distri- 
bution characteristic which varies mate- 
rially with frequency or if there are siz- 
able level changes over the angle of dis- 
tribution, the localization of the apparent 
source of sound will appear to be different 
from various points in an auditorium. 

Since fidelity in stereophonic localiza- 
tion is almost entirely attributable to the 
upper register of the frequency spectrum, 
the major problem is the design of satis- 
factory high-frequency sound-dispersing 
mechanisms. In approaching this 
problem, it was arbitrarily decided that 
two types of units, one having 50° and 
the other 80° horizontal distribution, 
would be provided. Using two of either 
of these units provides 100° or 160°, 
respectively, of horizontal coverage. 
The vertical coverage in all cases was 
set at approximately 50°. 


The high-frequency driver unit is of 


the permanent-magnet type and provides 
approximately 21,000 gauss at the voice 
coil. The diaphragm is approximately 


Presented on May 5, 1954, at the Society’s Con- 
vention at Washington, D.C., by John G 
Frayne (who read the paper ), Westrex Corp., 6601 
Romaine St., Hollywood 38, and B. N. Locanthi, 
Consultant, 2552 Boulder Rd., Altadena, Calif 
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4 in. in diameter and is of 0.003-in. 
thick aluminum. A_ typical power- 
output curve of the driver unit is shown 
in Fig. 1. This curve was made by meas- 
uring the sound pressure at the sending 
end of a tube which was filled with a long, 
tapered, sound-absorbent wedge and 
which was driven by the high-frequency 
unit. The sound-measuring device was 
a 640AA microphone. The results of 
this test are believed to be accurate to 
approximately 9 ke. 

For uniform distribution over the 
required angles of auditorium coverage, 
the principle of the acoustic lens has 
been employed. This involves the use of 
a type of structure which refracts and 
diverges sound waves and is similar in 
function to certain electromagnetic-wave 
lenses in that it consists of arrays of 
obstacles which are small compared to 
the wavelengths involved. These ob- 
stacles create an effect which is equiv- 
alent to increasing the effective density 
of the air which results in a reduced 
propagation velocity of sound waves 
passing through the array. This re- 
duced velocity is synonymous’ with 
refractive power, effecting a refractive 
index higher than unity. The theory of 
this type of lens is ably set forth in a 
paper by Winston E. Kock and F. K. 
Harvey of the Bell Telephone Labora- 
tories.’ 

Several types of acoustic lenses have 
been described* and of these, two are 
used —-a_perforated-disk type having 
an index of refraction of about 1.2 which 
provides a horizontal-distribution angle 
of 50° and a slant-plate type having an 
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index of refraction of about 1.5 which is 
easily capable of providing a horizontal- 
distribution angle of 80°. By using two 
of either type of lens, the horizontal 
coverage is increased to 100° or 160°, 
respectively. In all cases the vertical- 
distribution angle has been set at 
approximately 50°. 

It may be well to discuss briefly the 
principle of operation of the two types of 
lenses currently being used. The first 
depends upon increasing the effective 
density of the sound-transmitting me- 
dium within the boundaries of the lens. 
Refraction occurs in media consisting of 
arrays of individual discrete particles, 
providing that the particles and dis- 
tances between them are small com- 
pared to the wavelength of the wave 
propagation under consideration. In 
other words, if an array of small, rigid 
particles, having infinite mass for our 
acoustical consideration, is set up in 
space, the combination of rigid particles 
immersed in air results in a new medium 
having an index of refraction which is 
greater than unity. Since the velocity 
of propagation of sound is inversely pro- 
portional to the square root of the density 
of the medium, it will be less through an 
obstacle array than in free air. Depend- 
ing on the profile or shape of the ob- 
stacle array, the sound waves can be 
focused or diverged as desired. This 
obstacle-array type of lens is limited for 
practical reasons to an index of refrac- 
tion of about 1.2. A series of perforated 
metal plates, properly shaped and 
spaced, can provide similar lens effects 
and is suitable for loudspeaker applica- 
tions where the required angle of distri- 
bution is not excessive. 

Another method of slowing down a 
progressive wave is to guide it through a 
conduit or the equivalent, which provides 
a longer path than that which the un- 
guided wave would normally take. 
Thus, if a series of parallel plates of 
varying length are tilted at an angle to 
the direction of propagation, a delay will 
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Fig. 2. Front view of T551A acoustic lens assembly. 


be produced since the waves will be 
forced to traverse the longer inclined 
path. It is then a question of shaping 
the plates to obtain the desired type of 
lens action. The effective index of re- 
fraction, n, can be shown to be equal to 
the reciprocal of the cosine of the angle 
between the slanted plates and the direc- 
tion of the oncoming wave. In such 
path-length devices, n remains constant 
with frequency to a point where the plate 
spacing approaches a_half-wavelength, 
and an index of refraction up to 1.5 is 
readily achieved. 

Figure 2 shows such a lens designed 
to give 80° of coverage horizontally and 
50° of coverage in the vertical direction. 
To obtain this type of coverage calls for 
a bicylindrical lens which is obtained by 
shaping the individual plates in accord- 
ance with the following: 

The finai surfaces of the refracting lens 
are determined empirically; however, 
the firstapproximation involves the follow- 
ing calculation of an aplanatic surface 
which will convert a plane wave to a 
spherical wave: 

Referring to Fig. 3, let F represent the 
point on the axis of ihe lens from which 
all refracted rays will appear to be 
radiated. The distance from the curved 
surface on the axis to the apparent focal 
point is represented by f, and ¢ is the 
thickness of the lens at the narrowest 
point. 

Since §; is plane and normal to the 


S2 
Fig. 3. Ray diagram. Medium of index 
n between surfaces S, and S$, Index 


of refraction unity outside S; and 5). 
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incident plane wave, the incident rays 
are undeflected after entering the first 
surface. 

In order for an incident ray entering 
the lens at some arbitrary distance, A, 
from the axis of the lens to appear to 
have come from F after leaving surface 
So, the time required to travel from F to a 
should equal the time required for an 
axial ray to travel from F to 6. That is: 


t+x) 


vy 
which simplifies to 
(n? — 1)x? + 2fx(n — 1) — A? = 0 


which is a hyperbolic surface. 

These calculations produce an ideal- 
ized acoustic lens, the plates of which 
must be modified in shape empirically 
to produce the desired overall results. 
Experience has further shown that closing 
the sides of the plates introduces sizable 
irregularities in the frequency response. 
On the other hand, with the sides open, 
the plates must be extended horizontally 
for a minimum of some 5 or 6 in. beyond 
the curved edges of the plates to obtain 
a smooth frequency response with uni- 
form angular distribution. 

The driver unit is coupled to a short 
elliptical horn terminated in a bicylindri- 
cal slant-plate lens. Figure 4 shows the 
results of tests made under open-air con- 
ditions at 10 ke on the horizontal axis 
with and without a cylindrical lens. 
This gives a fairly good idea of the re- 
fracting power of the lens. 

Figure 5 shows the horizontal distri- 
bution of an 80° horn assembly at four 
frequencies as measured under open-air 
conditions. Similar measurements of 
the vertical distribution are shown in 
Fig. 6. The horizontal distribution of 
the same unit as measured on a studio 
sound stage is shown in Fig. 7. Warble 
tones were used in this case and the 
curves shown are of the average response. 
The sound-stage measurements and the 
equivalent open-air measurements will 
be found to be in close agreement. 

By way of comparison, Figs. 8 and 9 
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show the horizontal and vertical dis- 
tribution of a typical 2 X 5 multicellular 
theater-type horn, measured under open- 
air conditions. The rather sizable lobes 
in the distribution characteristic are 
apparently typical of this type of loud- 
speaker and are particularly undesirable 
for stereophonic reproduction. 

The 50° acoustic lens employs the 
principle of the obstacle array in the form 
of perforated plates. Since the hori- 
zontal and vertical distribution angles are 
the same in this case, a horn having a 
circular cross section is used. Figure 
10 shows this type of lens. The driver 
unit is the same as that used with the 
80° unit. The distribution curves ob- 
tained with this unit are substantially 
similar to those obtained with the 80° 
lens except for the smaller angle of 
horizontal coverage. Here again, as in 
the case of the slant-plate lens, closing 
the sides of the perforated plates intro- 
duces a rise at the upper end of the fre- 
quency response as well as a too rapid 
falling off of the angular distribution with 
increase of angle from the axis of the lens. 
These undesirable factors have been 
corrected by introducing rectangular 
openings in the side walls of the casting 
in which the perforated plates are 
mounted. 

The very low frequencies of the audible 
spectrum contribute essentially nothing 
to stereophonic localization. The de- 
sign problems pertaining to low-fre- 
quency horns are therefore the same as 
those for single-channel reproduction; 
namely, the design of the driver units and 
the coupling between these units and 
their horn. 

For the systems under discussion, two 
low-frequency horn systems have been 
developed, one equipped with two driver 
units and one with four driver units. 
These consist essentially of short front- 
loaded horns having efficiencies of 
approximately 25%. In order to avoid 
high-frequency attenuation due to an 
air volume between the driver diaphragm 
and the horn throat, the ratio of the 
diaphragm area to the horn-throat area 
has been kept at 1:1. In order to mini- 
mize distortion at low frequencies, the 
voice coils of the drivers overhang the 
pole pieces by about 20%. A theoretical 
response curve for a four-driver, low- 
frequency horn assembly is shown in 
Fig. 11. 

The dividing network which couples 
the low-frequency and _ high-frequency 
horn assemblies to the amplifier output 
has a crossover at 500 cycles with a 12- 
db/octave attenuation on both sides of 
this point. The network input and out- 
put impedances are 16 ohms. In the 
50-w horn system one network serves 
to couple one high-frequency and two 
low-frequency drivers. In the 100-w 
horn system, two networks are employed 
to couple two high-frequency and four 
low-frequency drivers. 
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Fig. 6. Vertical distribution of slant-plate acoustic lens 
assembly — open-air measuring conditions. 
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Fig. 8. Horizontal response of typical 2 X 5 multicell theater 


horn — open-air measuring conditions. 
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Fig. 7. Horizontal distribution of slant-plate acoustic lens 
assembly — measured on sound stage. 
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Fig. 9. Vertical response of typical 2 X 5 multicell theater 
horn — open-air measuring conditions. 


A view of a 100-w loudspeaker system 
consisting of a low-frequency horn 
equipped with four driver units and two 
80° acoustic lens assemblies is shown in 
Fig. 12. The response characteristic 
of a 50-w loudspeaker system, using two 

. low-frequency driver units and one 80° 
acoustic lens system, is shown in Fig. 13. 
This curve represents a smoothed average 
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of warble-tone measurements taken on 
the horn axis on a studio sound stage. 
Corrections have been applied for the 
characteristic of the measuring micro- 
phone and the scale is substantially 
similar to that used on the charts 
of the usual types of sound-measuring 
equipment. 

Listening tests using program material 


have been very gratifying. No low- 
frequency resonances were observed and 
the high-frequency tones were exception- 
ally clean. The horizontal distribution 
was observed to be in conformance with 
the curves previously shown. When 
compared with a conventional theater 
loudspeaker system under A-B test con- 
ditions, the new system brought the 
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Fig. 10. Front view of T550A acoustic lens assembly. 


Fig. 11. Theoretical 


response of four-driver 
low-frequency horn 


assembly. 
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apparent source of sound considerably 
closer to the audience, thus indicating a 
desirable presence factor. 
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Discussion 


John Hilliard (Altec Lansing Corp., Calif.): In one 
of the slides you showed a round, diffusing-type 
horn system. How does that compare with the 
one of the rectangular type? 

Dr. Frayne: The curves are quite similar over 
their respective design angle of distribution. 
I’m sorry we don’t have a curve on it here. It 
was designed for 50° distribution. At 25° off the 
axis the response was falling off. 

Mr. Hilliard: By coincidence, I happened to 
measure two or three of them and found that 
whenever you take the lens properties out of it, 
the directional properties increase, that is the fre- 
quency response was extended and the drop-off 
with azimuth was less than it was with the lens 
assembly on it. 

Dr. Frayne: That’s not in accordance with meas- 
urements shown in Fig. 4. 

Mr. Hilliard: This was a general statement that 
in all cases when the diffuser element was taken 
off the properties of the two units measured were 
improved and these were measured in an ane- 
choic chamber with the 640AA microphone as 
the standard. 
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Fig. 13. Response characteristic of 50-w system — smoothed 
average warble-tone measurements. 


Dr. Frayne: 1 wouldn’t want to dispute your 
word, but I don’t think it agrees with our findings. 

M. A. Kerr (Bureau of Ships): You said in the 
beginning of your paper that the spread of sound 
at the high frequencies was necessary for the spa- 
tial illusion and this work that you’re showing 
begins at the high-frequency end and works 
downward. That would assume that there is a 
crossover point where the spatial illusion effect is 
no longer necessary, because I don’t see any simi- 
lar spread in your low-frequency units. Is there 
any critical frequency point or general area where 
it is no longer necessary to properly spread the 
low frequencies? 

Dr. Frayne: According to Snow? very poor lo- 
calization is obtained below 1000 cycles. 

John Volkmann (Radio Corp. of America, Camden, 
N.J.): Your paper did not show any directional 
characteristics for the low-frequency speaker? 

Dr. Frayne: No. 

Mr. Volkmann: Does it match the directional 
pattern of the high-frequency speakers? In par- 
ticular, how does the directional pattern of the 
combined systems act in the crossover frequency 
range? 

Dr. Frayne: The 50-cycle distribution is very 
uniform. The 500-cycle distribution of the low- 
frequency speaker measures essentially the same 
as that obtained from the lens. I would say that 
the performance of the low-frequency system is 
quite comparable to any 50- or 100-w system to- 
day in theaters. The thing we’re trying to em- 
phasize here is the lens of the high-frequency 
units. 

Mr. Volkmann: Vd like to point out that there is 
a fundamental difference in the design of the low- 
frequency horn relative to the high-frequency 
horn, namely, if I judge the design correctly, the 
low-frequency horn is designed on a basis of a 
plane-wave progression in the horn. 


Dr. Frayne: That’s right. 

Mr. Volkmann: In a straight-axis exponential 
horn design the plane wave radiation would tend 
to give a sharpening of the directional pattern 
with an increase in frequency, whereas the high- 
frequency horn design, being based on the lens 
principle, the radiation would tend to give a spher- 
ical distribution of the sound within its angular 
range and there would be, in the crossover re- 
gion, then, a disparity between the two types of 
directional patterns. 

Dr. Frayne: Well, U've seen curves on both the 
50-w and 100-w systems covering the angles we 
mention here. There were no signs of such dis- 
parity. 

Mr. Volkmann: My second question is whether 
or not you really desire a spherical distribution 
pattern in the vertical angle, where, for example, 
in an auditorium you want the same level in the 
front rows of seats as in the back rows? Except 
where the loudspeakers are up high enough, is it 
not more desirable to have a sharp directional 
pattern in the vertical plane in order to balance 
the level from front to back more uniformly? 

I would like to make another point. The low- 
frequency horn has a very similar likeness to one 
of the models (straight axis) that RCA tested in 
connection with the experiments that were con- 
ducted by Douglas Shearer back in 1935 or 1936. 

Dr. Frayne: 1 believe the model you were refer- 
ring to was a folded-type horn while the present 
unit is a short front-loaded horn. 

Richard H. Ranger (Rangertone, Inc.): (sn’t your 
premise that the intensity is the most important 
factor in initial stereophonic work, directly 
limited to frequencies from 1000 cycles up, be- 
cause the human head itself serves as a cross-over 
point where below 1,000-cycles phase is predomi- 
nant, and above 1,000-cycles intensity is the 
dominant factor for spatial emphasis. 

Dr. Frayne: Somewhere in that neighborhood. 
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Plotting Device 
for the Animation Stand 


A time-saving device to plot movement over stationary artwork on the animation 
stand, assuring smooth movement in acceleration and deceleration, is described. 
The necessity of working out mathematical coordinates is eliminated. Extremely 
complicated movements of the stand can be plotted in a short time. 


| PHOTOGRAPHING artwork on the 
animation stand it is often desirable to 
move the artwork so that the field of 
view of the camera appears to move 
giving the effect of a camera pan. This 
type of shot is usually made one frame 
at a time in order to maintain perfect 
control of movement and field of the 
finished picture. 

The problem is to determine how far 
and in what direction the artwork should 
be moved between consecutive frames 
to ensure smooth acceleration, travel 
and deceleration of movement in_ the 
final footage. These movements must 
also occur according to a predetermined 
pattern and must be completed in a 
predetermined number of frames. This 
action must be planned and _ plotted 
before any attempt is made to shoot the 
footage, otherwise all of the require- 
ments of the sequence could never be 
satisfied. 

Plotting of these movements can be 
done mathematically and the curves 
then traced out on cross-section paper, 
but this method is very laborious, 
consumes a great deal of time and does 
not allow the director very much freedom 
in his planning of the shot. Complex 
movements become an absolute head- 
ache to the person who has to plot them 
and very often this person’s time could 
be used to much better advantage. 
There is also a great probability of error 
in transferring the coordinate readings 
from the graph to the transverse and 
longitudinal verniers of the animation 
stand. One error means a jerky move- 
ment and perhaps a spoiled shot. 

At the National Film Board of Canada 
we have had this problem on a number 
of productions — notably those dealing 
with historical scenes — paintings, etch- 
ings and other forms of graphic art. 

When a film was planned to show the 
complete works of a famous painter, the 
problem became colossal and would have 
consumed months in plotting the pans 
and zooms by conventional methods. 


Presented on May 6, 1954, at the Society’s Con- 
vention at Washington, D.C., by C. E. Beachell, 
National Film Board of Canada, John St., 
Ottawa, Ont., Canada. 

(This paper was first received on April 1, 1954, 
and in revised form on June 7, 1954.) 


From a suggestion by Roman Kroiter 
of our animation department, the 
problem was solved with a device which 
could be moved manually on the surface 
of a piece of clear celluloid placed in 
registered contact over the artwork con- 
cerned. This device or plotter leaves a 
trail of marks embossed into the surface of 
the celluloid (referred to as cell in 
animation). 

The original model of the plotter had 
a flat, stainless-steel and highly polished 
bottom surface which came in contact 
with the cell. This bottom surface had 
a hole in the center through which a pin 
protruded and retracted when an alter- 
nating voltage was fed to an electro- 
magnetic driving mechanism. Some 
difficulty was encountered with this 
arrangement in that the flat surface 
showed a tendency to stick to the cell, 
thus destroying smoothness of move- 
ment. This was partially overcome by 
lubrication with powdered borax, but still 
was not entirely satisfactory. Recently, 
the plotter was modified to provide three- 
point suspension on free-swinging, ball- 
bearing casters (Fig. 1). This permits 
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absolutely free movement in any direction 
with no tendency to stick and lubrication 
of the surface of the cell is not necessary 
(Fig. 2). This design also presents a 
clear view of the artwork at the point 
where the pin marks the cell. The pin 
is mounted on the end of a soft iron 
armature which is free to move only 
longitudinally. Polarized magnetism is 
induced from permanent magnets into 
the armature, which is located in the field 
of a coil fed by alternating voltage. As 
the field of the coil alternates, the 
armature oscillates longitudinally ac- 
cording to the amplitude and frequency 
of the driving voltage. 

A sine wave was found to be the most 
satisfactory. Square waves and pulses 
were tried and it was found that, due to 
resonance of the armature mass and 
suspension, the armature motion did not 
faithfully follow the driving voltage 
amplitudes throughout the desired band 
of frequencies and tended to produce a 
trace in which odd marks would be 
skipped. 

A sine wave protrudes the pin for a 
measurable amount of time and, as the 
movement of the plotter is accelerated, 
produces progressively longer dashes. 


The length of these dashes may be used 


as an index to introduce the correct 
amount of motion blur to reduce jitter 
on fast movements. 

We have found that when there are 
more than 80 marks in a plotted path 


Fig. 1. Modified plotter with three-point suspension on free- 
swinging, ball-bearing casters. 
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Fig. 2. The plotter permits free 


movement in any direction with no 
tendency to stick. 


contained in the field, jitter will be im- 
perceptible. If there are less than 80 
frames in a movement across the field 
covered by the camera on the artwork, 
some type of anti-jitter device should be 
used. We are at present working on an 
automatic motion blur device which 
shows promise of eliminating this prob- 
lem. 

At present we are using an audio signal 
generator driving a 25-w power amplifier 
to provide the necessary alternating 
voltage. The depth of the embossed 
marks is set by the amplifier volume con- 
trol. The useful range of frequencies 
was found to be from 12 to 72 cycles/sec. 

With the oscillator set at 24 cycles/sec, 
the trail of embossed marks left on the 
surface of the cell as a result of any move- 
ment of the plotter — regardless of 
complexity — exactly locates the center 
cross lines of each successive frame in 
the sequence of movement. Under 
these conditions, the apparent movement 
of the camera in the finished and pro- 
jected film will be exactly the same as 
the plotter movement. 

For exaggerated speeds of movement, 
the oscillator may be set at a low fre- 
quency, say 12 cycles/sec, which is half 
speed — then the apparent movement 
of the camera will be twice that of the 
plotter. Very slow movements may 
be plotted by raising the oscillator 


Fig. 4. Panning table with microscope attached. 


frequency. Generally smoother move- 
ments are achieved with higher fre- 
quencies as the plotter, being manually 
operated, can be moved faster, thus 
ensuring smoother accelerations and 
decelerations. 

Shots may be timed to fit a musical 
score by moving the plotter to the rhythm 
of the actual music or to the beat of a 
metronome. The tempo of the rhythm 
may be multiplied or divided as neces- 
sary to comply with the frequency driv- 
ing the plotter, using 24 cycles sec as an 
operating base number. The embossed 
marks are made clearly visible by draw- 
ing a line over the marks with a black 
grease pencil and then wiping the line 
off the cell. This fills the marks with 
black opaque material (Fig. 3). 

The cell carrying the plotted line of 
marks is then placed in registration on a 
table surface which is part of the bed of 
the animation stand. A_ low-power 
microscope, carried on an arm rigidly 
fastened to the moving table which 
carries the artwork, is located over the 
plotted cell. This panning table was 
especially designed by our engineering 
department for use with this type of 
work (Fig. 4). There is absolutely no 
backlash in the controls of the table and 
the table will not change its alignment 
when a control is reversed. When the 
artwork and plotted cell are in position, 
the table is then moved so as to center the 
cross lines in the microscope over the 
beginning of the first mark in the plot and 
the first frame is shot. The table is then 
moved so that the cross lines fall on the 
beginning of the second mark and the 
second frame is shot and so on, to the 
end of the sequence. The microscope 
field may be projected on to a convenient 
screen thus giving an enlargement of the 
cross lines and plotter marks. This 


makes the operation of the stand easier, 
faster and more accurate. 

Zooms may be plotted with this device 
by moving the plotter over a strip of film 
whose length is determined by the maxi- 
mum movement required of the camera. 


Beachell: Plotting Device for Animation Stand 


Fig. 3. Celluloid overlay showing 
embossed marks outlined by black 


grease pencil. 


The plotter may be accelerated and 
decelerated at the points desired in the 
sequence, The zoom plot is mounted 
along the vertical path of the camera and 
movement is determined by the marks on 
the strip of film in the same manner as for 
pan movements. 

There is no limit to the complexities of 
movement on the animation stand when 
using this plotter. Movements may be 
plotted in seconds. When the plotted 
cell is still in place over the artwork, the 
field may be checked quickly with 
another piece of cell having a frame the 
size of the planned field and cross lines in 
the center inscribed on it. This frame 
may be moved over the plotted path and 
the composition of each frame checked 
throughout the sequence. See Fig. 5. 

All this may be done in minutes in- 
stead of hours as required by the math- 
ematical approach. If the first two or 
three plots are unsatisfactory, the plot 
may be repeated until a completely 
satisfactory sequence is obtained with 
comparatively little expenditure of time 
and material. 


Thanks are due to Roman Kroiter, 
who suggested the possibility of a device 
of this nature, Colin Low and Al John- 
stone of the National Film Board staff 
for their suggestions and assistance on 
this project. 


Fig. 5. A sequence of movements on additional cell. 
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Electronic Shutter in Television 


Film Pickup 


In storage-type television film pickup systems, usually either the light source is 
pulsed or else a mechanical shutter is used on the projector. This paper describes 
a third method, wherein the film is projected continuously, even during pulldown, 
on the photocathode of an image-orthicon tube. The image section of the tube, 
however, is keyed electronically so that it operates only during vertical blanking. 
Simple apparatus for use with studio cameras is described. 


; HAS long been a need for a 
low-cost system for television film pickup 
which would permit the use of standard 
projectors, not especially designed for 
television applications, along with a 
standard studio television camera. In 
the past this has not been practicable be- 
cause major modifications would be 
needed to convert the shutter system of a 
standard projector to produce 60 light 
pulses a second, and because there is not 
room in the projector for the bulky d-c 
polarized synchronous motor. 

Through the use of the equipment to 
be described, however, the only modifi- 
cation needed to the projector shutter is 
to remove it entirely (an easy operation), 
and let the Electronic Shutter take over 
its function. Furthermore, a d-c polar- 
ized motor is not needed. A nonpolar- 
ized synchronous motor is scarcely larger 
than the nonsynchronous motor normally 
used in projectors, and some projectors 
may be ordered from the factory with 
one fitted. 

In addition to its low cost, this system 
offers the advantage of practically no 
obsolescence to the broadcaster planning 
later to purchase a film scanner, since he 
can use the camera in the studio and the 
projector in the film room (after replac- 
ing its shutter). Its synchronous motor 
will permit accurate timing of films. 

This equipment is based on a British 
development, but has been greatly simpli- 
fied, so that it uses only two tubes. It 
takes advantage of the fact that, in an 
image-orthicon tube, storage takes place 
on the target, and any image stored there 
may be read off by the scanning beam 
even though the image section is not 
functioning at the time. The Electronic 
Shutter keys the image section on and off 
by keying the voltage to the photocath- 
ode. During vertical blanking the image 
section operates, and the image, in the 
form of an electrical charge pattern, is 
transferred to the target. Then, while 
the target is being scanned, the image 


Presented on May 7, 1954, at the Society’s Con- 
vention at Washington, D.C., by F. Cecil Grace, 
Communication Products Div., Allen B. Du 
Mont Laboratories, Inc., 1500 Main Ave., 
Clifton, N.J. 

(This paper was received on June 4, 1954.) 


section is inoperative. If the projector 
pulldown occurs only during the scan 
period, when the tube is effectively blind, 
no travel ghost will appear in the tele- 
vision picture, even though it exists on 
the pickup tube photocathode. 

Figure 1 shows the complete circuit 
diagram of the shutter. The bottom 
half of the figure is the variable source of 
negative voltage for the photocathode 
of the image orthicon. It also furnishes 
the power needed by the tubes in the 
unit. The power transformer is tapped 
as shown, and places 120 volts across a 
small variable autotransformer. It can 
easily be seen from the diagram that, as 
the autotransformer brush is moved from 
one limit to the other, the voltage at the 
input to the rectifier varies from approxi- 
mately 120 to 240 v. The rectifier is a 
selenium voltage doubler, and delivers 
approximately 300 to 575 v, negative to 
ground, after filtering. 

The 6AV5 is a keying tube which 
passes this voltage to the image-orthicon 
tube at the proper time. When this 
tube is at zero bias, there will be about 
25-v drop across it. Thus it will be 
quite easy, by adjusting the autotrans- 
former, to vary the photocathode voltage 
over the normal focusing range of 300 to 
500 v, and even to go to the 550 v re- 
quired by a few tubes. On the other 
hand when the 6AV5 is cut off, the 
photocathode voltage goes to zero. 

The 6AV5 is driven by amplified 
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vertical drive pulses, from beyond cutoff 
to the grid conduction point. The 3.9- 
megohm resistor, returning to a point 
more negative than the cathode, serves 
merely to prevent excessive current flow 
in the event drive fails. 

The 6C4 amplifier tube operates also 
from the source of variable voltage. 
This is desirable because, as the 6AV5 
plate and screen voltages are increased, 
its cutoff voltage increases also. At the 
same time, the 6C4 receives more plate 
voltage so that it will always cut the 
6AV5 off between pulses. 

The 6C4 grid is transformer-coupled 
to the incoming drive. Modern audio 
transformers will pass a vertical drive 
pulse with little distortion, and this little 
is removed by clipping. This arrange- 
ment has two advantages. First, with- 
out it, whenever the focus voltage was 
changed, there would be an instantane- 
ous change in grid-to-cathode voltage 
of the 6C4, and the unit would be in- 
operative until the coupling capacitor 
had assumed its new charge. Second, 
without it there would be a tendency to 
motorboat, due to the power supply 
impedance. 

By removing a jumper, an electrolytic 
capacitor may be placed in series with 
the transformer primary. This should 
be done if there is d-c on the drive. 

In simplifying the equipment to this 
extent, it has been necessary to accept 
two minor disadvantages. First, since 
the power supply is not regulated, it is 
always necessary to operate the unit from 
a line regulator. Since some types of 
regulators flatten the a-c waveform, and 
result in a reduced voltage from capaci- 
tor input filter systems, taps are provided 
on the power transformer and the vari- 
able transformer to provide a 10% 
boost. Secondly, the photocathode 
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Fig. 1. Electronic Shutter circuit diagram. 
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pulse voltage will have the same duration 
as the incoming vertical drive. The 
Radio-Electronics-Television Mfrs. Assn. 
specifications state that this shall be 
between one-half and one times vertical 
blanking width. In order, however, to 
have the image section of the image 
orthicon operate for as long a time as 
possible, the station should adjust its 
synchronizing generator to produce a 
vertical drive pulse at the longer limit of 
this specification. 

Figure 2 shows the Electronic Shutter 
with the cover in place, and Fig. 3 shows 
the chassis with the bottom plate re- 
moved. The variable transformer fits 
completely under the chassis as shown. 

Stations using this equipment usually 


have a translucent screen mounted in the 
wall between the control room and the 
studio. Two projectors are located in 
the control room, and an optical multi- 
plexer permits either of them to project 
onto this screen. The multiplexer also 
turns the image around so that it will be 
correct as seen from the studio side. The 
camera, in the studio, is modified by 
adding a video patch jack, for connec- 
tion to the Shutter, and a double throw 
switch. This switch permits connecting 
the image-orthicon photocathode either 
to the patch jack, and thence to the 
Shutter, or back to the circuit originally 


Fig. 2. Electronic Shutter, 
front view. 


provided in the camera. Then if it is 
desired to use the camera for normal 
studio use, it is only necessary to throw 
the switch. If the camera is to be dollied 
away from its position near the screen, 
the plug may be pulled out. 

Setting up the camera with this equip- 
ment is extremely simple. First, the 
switch is thrown to normal operation 
and the camera is set up in the usual 
manner, focusing electrically and opti- 
cally on a scene in the studio. Then 
switch to the Electronic Shutter. Without 
touching any of the camera controls ex- 
cept the iris — more light may be needed 


Grace: Electronic Shutter in Television Film Pickup 


Fig. 3. Underside of Electronic Shutter with bottom plate removed. 


because of the low pulse duty cycle — 
bring the camera back into focus by ad- 
justing the variable transformer in the 
Shutter. Then project a film on the screen 
and adjust the camera to frame it correctly. 
Adjust the synchronizing generator phas- 
ing, or projector phasing, if adjustable, so 
that the travel ghost disappears. Note that 
if the projector phasing is not adjustable, 
and two projectors are used, both must 
be assembled mechanically so that the 
same synchronous generator phasing is 
correct for both of them. 

If, during operation, the image focus 
needs slight readjustment, this may be 
effected at the camera control console by 
varying the image (or photocathode) 
focus control. This may seem surprising, 
since the photocathode is no longer con- 
nected to this control. However, the 
control also affects the G6 voltage, and 
changing the G6 voltage alone will 
refocus the tube if it is out to only a slight 
extent. 

Thus, with this equipment, it may be 
seen that any station having an image- 
orthicon camera can broadcast film at 
very little cost for additional equipment, 
without impairing normal studio use of 
the camera. This equipment has been 
the sole film system of several stations 
which plan later to purchase film scan- 
ners, and it may be retained as an 
emergency system in case other equip- 
ment fails. 
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Subject-Lighting Contrast for 
Color Photographic Films in 


Color Television 


Set-lighting in making motion pictures for color television is described. It was 
found that optimum television picture quality was obtained when the subject- 
lighting contrast was reduced to correspond more nearly with the range of bright- 
ness which can be reproduced over a color-television system. 


since the first photograph was 
made over a century ago, photographers 
have been concerned by the fact that 
many of the scenes they tried to repro- 
duce had a brightness range (or, in mod- 
ern terminology, a luminance range) 
much greater than the photographic 
process was capable of handling. Lu- 
minance ranges in nature may exceed 
300 to 1, while most photographic trans- 
parency processes will only reproduce 
satisfactorily a range of approximately 
100 to 1. The common “soot and white- 
wash” effect of most amateur snapshot 
prints shows what happens when the 
luminance range of the process is greatly 
exceeded by the range in the scene; 
the highlights are washed out and the 
shadows are barren of detail; even the 
reproduction of the middletones is un- 
satisfactory. A similar situation exists 
when photographic films having a lumi- 
nance range of 100 to 1 are used as a 
source of material for monochrome tele- 
vision, which will not reproduce a 
luminance range greater than about 30 
to 1. When motion-picture films are 
projected onto a television film camera 
for subsequent transmission, and _ these 
films have a greater luminance range 
than the television system will accept, 
it results in (a) excessive compression 
effects that render shadow detail in- 
visible and (b) a general degradation of 
picture quality. The compression effects 
become acute when the problem of 
shading, signal storage and _ signal-to- 
noise ratios are taken into consideration 
in the operation of a television film 
camera. 

In the artificially lighted scenes that 
are commonly used for television, the 
photographer controls the luminance 
range of the scene by the intensity and 
posiiton of his lamps. Here he must de- 
part from standard motion-picture tech- 
nique and limit the luminance range 
recorded on the motion-picture film by 
proper subject-lighting contrast. Sub- 


Communication No. 1670 from the Kodak 
Research Laboratories, by F. T. Percy and T. 
Gentry Veal, Research Laboratories, Eastman 
Kodak Co., Rochester 4, N.Y. This paper was 
presented by Mr. Veal on May 7, 1954, at the 
Society’s Convention at Washington, D.C. 
(This paper was received on July 2, 1954.) 


ject contrast might be considered as a 
property of the scene before the camera 
lens. However, it should be remem- 
bered that the term subject-lighting con- 
trast should not be confused with sub- 


By F. T. PERCY 
and T. GENTRY VEAL 


ject contrast or subject-brightness range. 
The subject contrast or subject-bright- 
ness range is usually much higher than 
the subject-lighting contrast, since it 
takes into account the difference in re- 
flectance of the various elements of the 
scene. 


Figure 1 shows a subject illuminated 
with two lamps. The first lamp, known 
as the key-light, sets the general level of 
illuminance and the distribution of shad- 


Fig. 2. Subject-lighting contrast 2 to 1. 
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Fig. 1. Subject-lighting contrast 4 to 1, 


ing over the subject. The second lamp,, 


known as the fill-light, is placed to fill 
in the shadows suitably and to soften the 
effect. In this figure, the illuminance on 
the subject from the key-light is four 
times the luminance from the fill-light, 
or, in photographic parlance, the sub- 
ject-lighting contrast is 4 to 1. This is 
common practice in making ordinary 
motion pictures for theaters. In Fig. 2 
is the same subject when the subject- 
lighting contrast has been reduced to 
2 to 1. This picture could be repro- 
duced by monochrome television satis- 
factorily, and it is good practice to run 
the contrast to 2 to 1 for this purpose. 
In both pictures, supplementary illumi- 
nation has been added to the _back- 
ground. 

At first thought, there seems to be a 


wide discrepancy between a_ subject- 
lighting contrast of 2 to 1 and the lumi- 
nance range of 30 to 1 that a television 
system will transmit. However, _ this 
discrepancy is only apparent, as can be 
seen in Fig. 3. In the figure, the man’s 
shirt reflects 110 times as much light 
as his suit, when both are illuminated by 
the same amount of light. In the pres- 
ent instance, the subject-lighting con- 
trast is 4 to 1; the shirt is in the most 
brightly illuminated region and part of 
his suit is in the deepest shadow. The 
luminance range of the entire scene is 
not 4 to 1 or even 10 to 1, but 110 to l,a 
range too great for any commercial tele- 
vision system to reproduce. To cor- 
rect this scene for television transmission 
would require either limitation of mini- 
mum reflectances by the choice of wear- 


Fig. 3. Subject-lighting contrast 4 to 1. 
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ing apparel or supplementary lighting of 
regions of low reflectance. 

The effect of varying the subject- 
lighting contrast can be clearly seen from 
from the next three figures. A_ key- 
light alone was used for Fig. 4, so the 
only light in the shadows was the light 
reflected from the walls of the room, A 
fill-light has been added for Fig. 5 to 
lower the subject-lighting contrast to 4 
to 1, as in black-and-white motion-pic- 
ture photography for theaters. Never- 
theless, the luminance range is still too 
great to be reproduced satisfactorily even 
in monochrome television. Figure 6 
shows the effect when the subject-light- 
ing contrast has been lowered to 2 to 1. 
The key-light was at an angle of about 
45° from the camera and at a distance 
from the subject equal to the camera dis- 
tance; the fill-light was near the camera. 
For Fig. 6, no supplementary illumina- 
tion was used on the background, as was 
done for Figs. 4 and 5, which explains 
why the impression of depth is_ less 
marked in Fig 6. 

The advent of color television has re- 
stricted the permissible luminance range 
still further because the maintenance of 
proper color balance requires a fixed re- 
lationship as well as a degree of similarity 
between the transfer characteristics of 
the three color channels. ‘The only con- 
trol common to all three channels is the 
iris diaphragm in the light path of the 
three light-sensitive receptors. By hold- 
ing the luminance range on the motion- 
picture film to a range the color-televi- 
sion system will accept, the control opera- 
tor is able to operate the system at an 
optimum level to provide the best picture 
quality obtainable. The transfer char- 
acteristics of the three color channels in 
a television system must be adjusted to 
give proper color balance or gray scale 
throughout the luminance range. It is 
not practical to correct for neutral bal- 
ance with luminance changes. 

It is normal monochrome practice 
to allow the image orthicon and icono- 
scope to operate in such a manner that 
the scene highlights are allowed to ex- 
tend beyond the knee of the transfer 
characteristic curve. Color cameras, 
whether used for live pickup or film pick- 
up, should be operated with the high- 
lights certainly not beyond the knee of the 
transfer characteristic curve. If they 
are operated beyond the knee, a loss of 
color balance will result. This is also 
true if the range of photomultipliers is 
exceeded when used in flying-spot scan- 
ners, although the range is considerably 
greater than with storage tubes. This 
factor alone indicates the desirability of 
holding highlight brightness and over- 
all brightness range well within the 
brightness limitations of the color- 
television system. The effect of varying 
the subject-lighting contrast in color 
television can be seen from Figs. 7~9. 
In Fig. 7, the lighting contrast is 3 to 1. 
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This reproduction is fair, but still the 
contrast is somewhat high. Figure 8 
shows the same subject when the light- 
ing contrast is 2 to 1. We have made 
many tests, and our conclusions are that, 
in general, this contrast is the most 
suitable for reproduction by color tele- 
vision. In Fig. 9, an attempt has been 
made to reduce the lighting contrast to 
1 to 1. It is difficult to obtain such a 
low contrast when several lamps are used 
without resorting to diffusing materials 
on the lamps, and despite the care taken 
in lighting this scene, the lighting con- 
trast probably was not exactly 1 to 1. 
Even so, the scene is not unpleasant or 
abnormally flat. 

But there is another feature of the scene 
that is important in securing a pleasing 
and lifelike representation. That is the 


tone of the background, as has been 
pointed out in passing. In Fig. 10, 
the background is illuminated only by 
lights used to illuminate the subject herself. 
The scene appears to have little depth, 
and the subject looks like a paper cut- 
out pasted against the background. 
Figure 11 is the same scene but with 
adequate background lighting, and one 
now realizes that the subject is standing 
about six feet in front of the background. 
Figures 12, 13 and 14 show a typical 
commercial subject under the same con- 
ditions. No extra lighting was used on 
the background in Fig. 12. Additional 
back-lighting was used on Fig. 13 to 
create depth. Figure 14 certainly gives 
a stronger sense of nearness to the ob- 
server. In all of these scenes, the sub- 
ject-lighting contrast was 2 to 1, in ac- 


Fig. 6. Subject-lighting contrast 2 to 1. 


cordance with our recommendations. 

In conclusion, we recommend that, 
when color films are used as a source of 
material to be transmitted in color by a 
television system, the subject-lighting 
contrast be of the order of 2 to 1, unless 
the conditions are unusual. Further- 
more, we recommend that the back- 
ground be lighted adequately to give a 
sense of depth to the scene. These recom- 
mendations are not dependent on the 
type of photographic material or on the 
type of television film camera used. 
This also includes flying-spot scanners. 
Masking techniques have been described 
recently for improving the purity of the 
colors on the television screen, but there 
is no reason to believe that the adoption 
of such techniques will require the altera- 
tion of our recommendations. 
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Fig. 11. Subject-lighting contrast 2 to 1, with background illumination. Fig. 12. Subject-lighting contrast 2 to 1. 
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Fig. 13. Subject-lighting contrast 2 to 1, with back light. Fig. 14. Subject-lighting contrast 2 to 1, with back light and 
additional background illumination. 


— 
* 
4 
ea 
a 
94 
te 


In 1946 the Navy Bureau of Ships realized that a new light source would 


Navy Development Program for a 
Brighter Projector Light Source 


have to be found and adapted to the Joint Army-Navy type 16mm projec- 
tors, then under the initial phases of development, if the shipboard and over- 
seas 35mm replacement program was to be completely acceptable to all equip- 
ment users. The xenon lamp appears to provide the desired answer. 


| to World War II large Navy 
vessels were equipped with motion-pic- 
ture projection booths and 35mm arc 
projection equipment for the showing of 
motion pictures either topside, on the 
weather deck or in the hangar area of 
aircraft carriers as applicable. 

The advent of war forced the topside 
movies “underground,” or below decks, 
and the necessary replacement of arc- 
type 35mm equipment with semiport- 
able 35mm_ incandescent _ projectors, 
thereby enabling individual shows to be 
brought directly to shipboard personnel. 
The booths were taken over by other 
types of equipments not entertaining to 
the enemy. 

During this same period, 16mm com- 
mercial projectors, purchased as a part 
of the Navy’s training film program, were 
also used, to show to small groups, the 
16mm _ entertainment courtesy prints 
very graciously supplied by the motion- 
picture industry. Here the high port- 
ability and flexibility of use of the 16mm 
equipment and films were demonstrated. 

After the war, 35mm performance was 
still desired, but 16mm portability, low 
cost, and ease of operation were needed. 
So, the Fleet, itself, said: ‘‘Give us 
16mm equipment and films with per- 
formance as good as our pre-war 35mm.” 
This of course had the advantage of mak- 
ing projectors and films available to a 
larger number of smaller vessels. But, 
with projection booths either gone or re- 
duced in size, there was no room for arc 
lamps. It was, therefore, not long be- 
fore this phrase was deleted from the 
original JAN-P-49 specification: ‘““The 
projector shall be so designed that the 
incandescent lamphouse may be _ re- 
moved and replaced by an arc lamp- 
house without any mechanical modifica- 
tion of the projector.” 

To meet the requirements of the fleet 
and field forces, the Armed Forces spon- 
sored the development of a JAN (Joint 
Army-Navy) 16mm _ projector capable 
Presented on May 5, 1954, at the Society’s 
Convention at Washington, D.C., by Philip M. 
Cowett, Dept. of the Navy, Bureau of Ships, 
Washington 25, D.C. 

(This paper was first received on May 5, 1954, 
and in final form July 15, 1954.) 


of superior performance. However, de- 
spite booth restrictions, the Navy realized 
that more light was needed in some ships 
than the presently available 525 lm from 
JAN projectors. The Navy’s equip- 
ment, projection conditions and exhibi- 
tion requirements have been described 
in earlier papers in the Journal for 
March 1952 and July 1953. 

So, a search was begun for a new light 
source which would fit into the JAN 
projector without major equipment re- 
design. The Navy has realized this 
need for some years and investigated 
small, high output, light sources from 
various countries. The problem of ob- 
taining more light from Navy projectors 
was also informally discussed with repre- 
sentatives of various lamp manufacturers. 
At that time no one appeared to be 
ready to undertake to further develop 
and adapt new types of light sources to 
our projectors. 

During 1951, the mercury-xenon lamp, 
came to our attention. It was being 
adapted to the Navy’s 12-in. signalling 
searchlight by the Hanovia Chemical 
and Manufacturing Company of Newark, 
N.J. Discussions with this company 
showed the possibility of adapting a 
xenon lamp to the JAN _ projector. 
The mercury-xenon lamp was rejected 
because of improper color characteristics. 
A JAN projector was loaned to this 
company for running routine tests using 
experimental 1,000-w xenon lamps. 
Even under crude conditions, with the 
lamp improperly focused and without 
proper condenser lenses, the projector 
still delivered 1200 Im of light to the 
screen through a 2-in. f/1.6 lens. 

At this point the Bureau of Ships again 
unofficially tried to interest several 
manufacturers in the Navy’s light prob- 
lems without success. 

It was not until February 25, 1953, 
that the DeVry Corporation of Chicago, 
Ill., was awarded Contract NObs 61644 
which contained the following require- 
ments: 


**(a) Study and investigate Hanovia (or equal) 
xenon and krypton lamps (and similar lamps if 
deemed feasible) with a view toward determining 
which light source offers the greatest promise of 
successful and practical application to Navy Type 


September 1954 Journal of the SMPTE Volume 63 


By PHILIP M. COWETT 


AQ-2(1) 16mm sound motion-picture projection 
equipment. 

‘Adapt the above light sources for use as a part 
of Type AQ-2(1) equipment, making the fewest 
possible changes to still permit achievement of 
the required objective, which is to be able to 
place more light on a motion picture screen in 
Navy open air theatres or topside aboard ship, 
since present light output is inadequate for most 
large screen usages. 

“Itis desired to obtain safely and with no struc- 
tural or mechanical changes to the AQ-2(1) 
equipment, at least 2,000 lumens of light at the 
screen when using a 2 inch, {/1.6 lens and when 
tested in accordance with the requirements of 
Military Specification MIL-P-49A-(Ships). 

“The light source chosen as the most practical, 
considering light output requirements, safety, 
ease of operation, cost, life, availability, etc., 
should, if possible, be capable of operating within 
the voltage and frequency tolerances specified in 
referenced specification MIL-P-49A(Ships), 
without the use of external starters or converters, 
etc. If starters or converters are required, they 
should be designed to be compact, easily attached 
to projector mounting base, type IC/QBA, or to 
the deck or bulkhead as necessary. 

““(b) The most promising light source shall be 
incorporated as a part of the modified AQ-2(1) 
16mm sound motion picture projection equip- 
ment and furnished as a working model. The 
entire equipment as modified with the new light 
source, or sources, shall conform to the require- 
ment of specification MIL-P-49A(Ships). This 
refers to ruggedness, workmanship, performance 
(such as uniformity of light output), electrical 
characteristics, and material requirements.” 


A telegram received by the Bureau of 
Ships from the DeVry Corporation on 
December 8, 1953, states: ‘“‘We have 
achieved 2,000 lumens target objective 
set forth in light source development 
project.” The manner in which the ob- 
jective was reached will be discussed in 
subsequent papers by representatives of 
the lamp and projector manufacturers. 

Recent checks by the Navy Motion 
Picture Service, Brooklyn, N.Y., indicate 
that the new light source is highly suit- 
able for use with current types of color 
prints as well as black-and-white. 

Laboratory tests of the new light source 
reveal performance in excess of the fol- 
lowing: 

Light output: 2,000 lm; and 

Uniformity of screen illumination: Average 
illumination at four corners, 77% of the 
illumination at the center of the screen; 
low corner illumination, 75% of the il- 
lumination at the screen center. 

In closing, I should like to state that 
the success of this new light source, as 
attached to projectors of the Armed 
Forces, is to a very great extent due to 
the close cooperation between a lamp 
manufacturer, who had faith in_ his 
lamp, a projector manufacturer, who 
had faith in his projector, and the Navy 
Department, which has faith in American 
ingenuity and industrial ability. 


+ 
| 
| 
4 
} 
| 
~ 
ie 95 


Arc Lamp 


High-Brightness Xenon Compact 


Xenon compact arc lamps have been developed which have high brightnesses, 
spectral-energy distributions in the visible spectrum resembling closely that of sun- 
light, and color temperatures of 5200 to 6000 K. A 1000-w lamp for a-c operation 
is described and its characteristics enumerated. When these lamps are operated 
on suitable a-c electrical circuits, they may be used very satisfactorily in portable 
equipment for projection of 16mm film by CinemaScope and 3-D optical systems. 


eo LIGHT-EMISSIVE properties of gases 
and metal vapors have been investigated 
extensively by research laboratories in 
many parts of the world during the past 
two decades. Their behavior in the 
electric arc is interesting in particular 
because this is the form of electric gas 
discharge which may produce high 
brightness. High brightness is a very 
desirable attribute for a light source 
employed with an optical system. The 
results of some of these investigations 
have been summarized by W. Thouret! 
and J. N. Aldington.? 

When a gas or a metal vapor is used as 
the conductive medium in an electric 
arc, radiation is emitted mostly in a line 
spectrum. A color unbalance results. 
‘Thus, cerium is too blue. Mercury and 
cadmium are too green. Sodium is too 
yellow. Neon is too orange-red. They 
differ in this respect from sunlight or the 
incandescent lamp which produces a 
spectral continuum. A_ spectral con- 
tinuum is desirable for satisfactory color 
rendition, 

Gases and metal vapors maintained at 
very high vapor pressures and heated to 
very high temperatures in the arc pro- 
duce a continuum in addition to the line 
spectrum characteristic of the specific 
substance. ‘Thus, mercury vapor main- 
tained at a vapor pressure in excess of 200 
atin emits in the electric arc an appreci- 
able continuum. It is not possible at 
this time to use such pressures in prac- 
tical lamps, and even if it were, the 
additional band emission would result 
in spectral unbalance. 

Xenon gas has two unique properties 
which have recommended it as a poten- 
tial source for a continuum in the visible 
spectrum. Its line spectrum is located 
in the infrared and is hence invisible to 
the eye. Such lines as do exist in the 
visible spectrum are insignificant in 
energy content. Xenon is the heaviest 
of the gases excepting radon, the gaseous 
emanation from radium. Xenon has a 
Presented on May 5, 1954 at the Society’s Con- 
vention at Washington, D.C., by W. T. Ander- 
son, Jr., Research Laboratory, Hanovia Chem- 
ical and Mfg. Co., Newark 5, N.J. 

(This paper was first received on February 18, 
1954, and in revised form April 4, 1954.) 


low specific heat which enables it to be 
quickly heated to high temperatures so 
that it can radiate a continuum. 

Paul Schulz* in Germany appears to 
have been the first to make a xenon com- 
pact arc lamp and to describe some of 
its properties. The writer heard about 
the Schulz lamp while serving with the 
U.S. Navy during World War II, and, 
upon return to civilian status, began an 
experimental exploration of xenon gas 
and its reactions in an electric arc. The 
results of the preliminary researches 
were reported to the Washington meet- 
ing of the Optical Society of America in 
March 1951.4 

The investigation has continued in the 
direction of the development of xenon 
compact arc lamps of high brightness, 
dependable steadiness, and performance 
satisfactory for optical and projection 
applications. One type of lamp de- 
veloped has been employed by E. W. 
D’Arcy and his associates in the De Vry 
Corp., in conjunction with their circuits 
and controls to achieve projection of 
16mm colored films by 3-D and Cinema- 
Scope optical systems at brightnesses and 
with color rendition not previously 
attainable in portable equipment. Some 
of the characteristics of this xenon com- 
pact arc lamp will be described. 


Description of Xenon Compact 
Arc Lamp 


Fundamentally the xenon compact 
arc lamp is an electric arc in a confined 
xenon gas medium between two closely 
spaced electrodes. Electrically it has 
many of the characteristics of similar 
vapor arcs, such as mercury. It is in its 
radiation characteristics that it differs 
greatly from the other arcs. 

Figure 1 shows a 1000-w xenon com- 
pact arc lamp. The lamp must be used 
vertically as shown. The lamp proper is 
substantially spherical to provide 
strength, as the gas pressure increases to 
more than 20 atm during operation. 
The two appendages contain the vacuum 
seals and current lead-ins, and support 
the electrodes, to the ends of which the 
are attaches itself during operation of the 
lamp. 
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The arc is designed for high-tempera- 
ture operation in excess of 6000 K, for a 
sunlike temperature is required to pro- 
vide the desired continuum in the visible 
spectrum. 

The envelope of the lamp is made of 
excellent-quality, fused quartz which 
can be operated at the required measured 
temperature of 1200 K. Fused quartz 
is the only known transparent material 
which can be employed at such high 
temperatures. 

Since the gas pressures in the lamp are 
always in excess of atmospheric pressure, 
it is a reasonable precaution to protect 
the eyes and exposed parts of the body. 
During handling, the lamp should be 
provided with a temporary cover. 

The characteristics of the xenon com- 
pact arc lamp are given in Table I. 

The light from the arc is not uniform 
in brightness transversely or axially. 
This results from variations in xenon 
density and temperature in the arc. 

When viewed, the arc appears to be 
wedge shaped with the thin end of the 
wedge attached to the lower electrode. 
The central section of the wedge has the 
most uniform brightness and, although 
it is not the brightest part of the arc, is 
preferred for projection and _ optical 
applications. A suitable reidector can 
correct for the wedge shape and also can 
enhance the brightness. 

The light output from the lamp varies 
as the square of the arc wattage. Thus, 
operation of the lamp at 800-w instead of 
at the rated 1000-w input will reduce the 
light output to approximately 65°%. 


Fig. 1. 1000-w xenon 
compact arc lamp. 
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Table I. Characteristics of the Hanovia 1000-W Xenon Compact Arc Lamp, the line spectrum that enables the arc to 


60-Cycle, A-C be re-established when again the elec- 
Lente, trical supply voltage increases after a 
y 1 5 3 change of cycle. An ionization carry- 
eer ee ; - over is required for the maintenance of 
Lamp watts (excluding controls) 1000 1000 1000 . ; 
Lamp volts* 35 33.5 32.5 does not produce observable light. 
Lamp current (amp)* 31 34.2 35 The continuum of xenon does not pro- 
Arc-length (mm). . pe 6.8 6.6 duce a carry-over during the cycle 
Initial lumens (total light) ¢ 43,500 45,000 47,000 change. Gases cool very rapidly. The 
Maximum brightness (c/sq cm). 50, 200 52,150 53,300 continuum shifts back and forth into the 
Average axial brightness (c /sq cm) 17,500 17,900 18,300 infrared. There is no discernible visible 
Color temperature, K light from the arc when the current and 
Total lightt 5,170 5,250 5,280 
Arc only 6,000 6,000 6,000 
| Intensity of light at cold start in per The xenon continuum is not confined 
‘ cent of full intensity 65 68 72 to the visible spectrum. It extends 
. . 
| Rated lifet. . not rated through the ultraviolet to the limit of 
Physical dimensions transmission for the fused-quartz enve- 
} 7 43 7 
F Overall length, in. 7.420 7.385 7.372 lope. It resembles in many respects the 
Outside diameter bulb, in 1.630 1.618 1.624 
sunlight ultraviolet as recorded from 


Lamp operating position vertical 
* Resistive ballast. Electrical characteristics and waveshape depend on control design. lhe infrared line spectrum is mostly 
+ Includes appreciable radiations from incandescent quartz and electrodes. concentrated between 0.8 and 1.0 x. 
} Insufficient data for rating purposes. A few test lamps have operated in excess of 300 hr. The lamp is an especially intense source 
for these radiations. 
It can be appreciated that this new 
high-brightness xenon compact are lamp 


The Visible Light From the Arc of the By virtue of its continuum, the xenon should fill a gap in the range of artificial 
' Xenon Compact Arc Lamp compact are lamp possesses one charac- light sources where a continuum and its 
teristic which is very important for the resulting excellent color rendition are 


The visible spectral-energy distribu- 
tion of the xenon arc comprises an in- 
tense continuum upon which are super- 


De Vry Portable Projector, namely, that desired. 
the a-c xenon lamp is extinguished each 


imposed a number of scattered, rela- that the References 
tively weak spectral lines of ionized The lamp is extinguished 120 times per oa ; 
vice The eneray in ws p second when operated on 60-cycle alter- 1. W. Thouret, “A digest of new developments 

xenon gas. ne energy in watts per npiies camveet in mercury and rare gas lamps,” Lichttechnik, 
100-A strip radiated by the arc only of x 6 I : diff iti tes ak 3: 73; 4: 107, 1950. 

lamps differ radically in this 
the 1000-w lamp is indicated in Fig. f 2. J. N. Aldington, “The gas arc,” Ill. 
} It will be observed that in the visible "ect from other arc lamps. The fac- Eng. Soc. (London), 14: 19, 1949. 
spectrum approximately 859% of the tor that enables a aes compact arc 3. Paul Schulz, “A light source for continuous 
omelet neilinaell originates from the con- lamp to produce an intense continuum radiation of high brightness,” 7. Naturforsch., 
19% free from interference by strong emission 2a: 533, 1947. 

; hes lines is also responsible for this behavior 4. W. T. Anderson, Jr., “Xenon compact arc 


line spectrum. For a mercury lamp lamps,” J. Opt. Soc. Am., 41: 385-388, June, 


on 60-cycle alternating current. The in- 


these percentages would be just reversed. ij 1951. 
line spectrum of xenon lies 
Since more than one-half of the energy ‘bl “ 5. H. K. Bourne, Discharge Lamps for Photography 
of the line spectrum of xenon lies in the ne to the cye. and Projection, Chapman & Hall Ltd., London, 
It is the same ionization which produces 1948. 


violet where the eye response is poor, the 
effective line spectrum contributes only 


about 8% to the total visibly weighed 
light and therefore modifies the con- l L] 
tinuum to a slight extent only. Even y 
when the line spectral energy in the — — = 
violet is included, an excellent match 6 a 
with sunlight is obtained. Table II 
provides this comparison. 
a” 
} = | 
Table II. Sunlight Compared With Light T 
| From Xenon Compact Arc Lamp in 
Spectral Color Xenon 3 T 4 7 
4400-4900. . blue 16.4 17.5 a 
4900-5600. . green 22.7 19.0 
5600-5900. . yellow 14.0 13.0 
5900-6200. . orange 10.0 8.5 
100.0 100 0 4000 4500 5000 5500 6000 6500 7000 
VIOLET BLUE GREEN YELLOW ORANGE RED 
ANGSTROMS 
*Computed from ‘Radiation Parameters,” 
Illuminating Eng., 36: 932, Table 1, 1941. Fig. 2. Visible spectral energy distribution of 1000-w xenon compact arc lamp 
+ Arc only. (arc only — contribution of electrodes and envelope excluded). 
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Application of the Xenon Arc to 
the Armed Forces 16mm Projector 


september ivoe journal ot the SMPIE Volume 63 


This paper describes the problems involved, and their solution, in the incor- 
poration of the xenon-arc lamp into the Armed Forces AQ-2(1) 16mm Sound 
Motion-Picture Projector. Shutterless synchronized pulsed-light operation 


and the ballast design are explained. 


navy AQ-2(1) 16mm Sound 
Motion-Picture Projector equipped with 
the Hanovia arc lamp and its associated 
power supply is shown in Fig. 1. This 
is the end result of the Navy-sponsored 
Armed Forces development described 
hereafter, and at this time we wish to ex- 
press our appreciation to the Navy for 
permission to reproduce the data and 
illustrations herein, which are taken from 
the Navy progress reports describing the 
project’s history. 

The decision reached by the Armed 
Forces to substitute 16mm film for 35mm 
film in their entertainment operation has 
resulted in complete satisfaction where 
the screen size has been held to a factor 
consistent with the light output available 
from the conventional incandescent 
type of light source. However, in many 
cases 16mm equipment has been in- 
stalled as a direct replacement for 35mm 
in locations where large screen sizes are 
accompanied by high ambient light 
levels falling on the screen, thus causing 
difficulties with respect to adequate 
picture brightness and contrast. 


Incandescent Light Output 


In 1944 a target objective was estab- 
lished by JAN P-49 specification of 375 
Im for the 16mm Armed Forces projector 
when using a 1000-incandescent lamp. 
The equipment finally developed, how- 
ever, produced 510 screen Im. This 
is, however, far from the light output 
available in 35mm are equipment which 
is in excess of 2000 to 3000 Im, approxi- 
mately four times that available from the 
most efficient of incandescent-equipped 
projectors. 

Recent standards have been estab- 
lished for 16mm projection of 10 ft-L 


This paper was presented on May 5, 1954, at the 
Society’s Convention at Washington, D.C., by 
Ellis W. D’Arcy (who read the paper) and Anton 
C. Seda, both formerly of De Vry Corp. Mr. 
Seda, recently with Bell & Howell Co., is now 
associated with the senior author in Ellis W. 
D'Arcy & Associates, 7045 N. Osceola Ave., 
Chicago 31. The work described in the paper 
was carried out by the De Vry Corp. under Navy 
Contract NObs 61644, and this description has 
been released for publication by the Department 
of the Navy, Bureau of Ships, after clearance 
by the Defense Department. 

(This paper was first received on May 5, 1954, 
and in final form on August 6, 1954.) 


screen brightness. This value would 
limit 16mm projection to screen sizes of 
less than 8 ft for optimum viewing. 
There are cases, however, where pic- 
tures of 18-ft width are attempted. 
Therefore the drop-off in screen bright- 
ness is such that a satisfactory viewer re- 
sult is impossible and re-emphasizes the 
need for higher projector light output. 

There are a few fundamental consider- 
ations which any 16mm light source 
must meet before its acceptance can be 
general. These are as follows: 


F 76mm Light Source Color Balance. 35mm 
projection generally has been with the 
high-intensity carbon arc as the basic 
projector light source, which has a color 
temperature of 5400 K. 35mm prints 
therefore are color balanced to look their 
best with this light source. Such a light 
source is very rich in blue, as compared 
to the incandescent lamp. However, it 
is the predominant source now in use, 
and certainly the end result in the 
theater is most pleasing. 

Now in 16mm film the opposite condi- 
tion with regard to color balance exists, 
since the bulk of 16mm _ products is 
shown with incandescent-equipped pro- 
jectors. Hence any substitute for the 
incandescent lamp having a higher light 
output must closely match its spectral 
characteristics. 

To ascertain their compatibility, 
matching Technicolor, Ansco color and 
Kodachrome prints have been screened 
by simultaneous projection, using in- 
candescent and the xenon arc at the 
Navy’s Brooklyn Motion-Picture Ex- 
change. The general viewer reaction to 
the xenon arc was most favorable. The 
spectral characteristics of this arc vary 
somewhat, dependent upon its method 
of use. The end result, therefore, is 
subject somewhat to optical design. At 
the conclusion of these tests the decision 
was reached that the xenon arc was satis- 
factory for projecting incandescent- 
balanced prints. 


Film Damage. The danger of film 
damage must be considered as the light 
projected through the film base is in- 
creased. Exact data as to the top limit 
of illumination which the present film 
light-absorption methods can transmit 
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have not been precisely established. 
This depends somewhat on the light 
source spectral energy distribution. 

An estimate of 1600 Im has been the 
general opinion in the past. A postwar 
arc projector of better quality has ex- 
tended this to 2500 Im by means of in- 
genious heat filters and film cooling. 

In view of the preceding, a light-source 
target objective was established at 2000 
Im. This value was exceeded by the 
xenon arc which has developed 2200 
Im with a 950-w electrical input. (See 
Fig. 2 for the typical screen light distri- 
bution.) 


Unattended Operation. At this time 16mm 
film conventionally is delivered on 1600- 


Fig. 1. The Navy AQ-2(1) 16mm 


Sound Motion’ Picture Projector 
equipped with the Hanovia xenon arc 
lamp conversion mounted on a standard 
Navy projector mounting base. 
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Fig. 2. Typical screen light distri- 
bution obtained from the Navy AQ-2(1) 
16mm Sound Motion Picture Projector 
equipped with the Hanovia xenon arc 
lamp conversion. 


ft or 2000-ft reels, with a single projector 
running time of 55 min. Any light 
source developed, therefore, would have 
to take a trim and hold it for 55 min 
under a very stable operating condition— 
this in contrast with 35mm _ practice 
wherein a 2000-ft reel is standard, having 
a running time of some 20 min. There are 
now being manufactured 5000-ft 16mm 
reels which extend the running time to 2 
hr 18 min. In other words, one feature- 
length film per reel. The xenon arc 
meets these operational requirements 
more than adequately, since it can oper- 
ate in an unattended condition during 
its life, which is in excess of 300 hr. 


Unskilled Operation. Of further concern 
in the development of a practical type of 
higher-intensity light source for 16mm 
projection is the skill of the operator 
himself. It is a fact that 16mm equip- 
ment in the main is operated by a non- 
professional type of operator, one who 
does not devote his entire time to the 
operation of projection equipment. 


There is, however, quite a degree of skill 
involved in maintaining a carbon arc in 
optimum operating condition, and align- 
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ing it with the mirror type of reflector, 
which is gained only through complete 
concentration on the specialty that it is. 

The xenon are on the other hand, 
once aligned, requires no further opera- 
tional attention than does an incandes- 
cent lamp during its operational life func- 
tion. 


The Hanovia Xenon-Arc Lamp 


The xenon-arc lamp has several unique 
characteristics which, if enhanced and 
utilized, permit its incorporation into 
the Navy AQ-2(1) 16mm Sound Mo- 
tion-Picture Projector in the most effi- 
cient manner. 

(1) First, the are being of high in- 
trinsic brightness, makes the Hanovia 
xenon-arc lamp optically ideal for pro- 
jection use. The brightness of the por- 
tion of the xenon arc used for projection 
in the Navy AQ-2(1) projector is higher 
than that of a carbon arc. Further, the 
Hanovia xenon-arc lamp being an en- 
closed bulb-type source makes possible 
an optical system that is closely coupled, 
and therefore of small size and relatively 
inexpensive. 

(2) Second, the transparency of the 
arc makes the use of a reflector highly 
effective. In the Navy AQ-2(1) Sound 
Motion-Picture Projector the reflector 
when used with a tungsten incandescent 
lamp increased projected screen illu- 
mination 16 to 18%, while with the 
xenon-arc lamp the same reflector in the 
same projector increased projected screen 
illumination 60 to 70%. 

(3) Third, even though the overall 
light output of the Hanovia xenon-arc 
lamp has an average color temperature 
of approximately 5200 K, the center of 
the arc has a lower color temperature 


Fig. 3. (Left) The Hanovia 


that is entirely compatible with color 
film processed for the tungsten incandes- 
cent lamp. 

(4) The fourth characteristic of the 
Hanovia xenon-arc lamp, and the most 
novel one, is that the light output from 
the are can be pulsed in such a manner 
that the lamp acts as both light source 
and shutter. This means that the 
Hanovia xenon-arc lamp consumes 
power only when usable light is being 
projected on the screen and all the xenon- 
lamp light output reaches the screen. 
There is no 33 to 50% light loss due to a 
mechanical shutter blocking the light out- 
put from the lamp as in a normal motion- 
picture projector. 

The pulsing of the light in the Hano- 
via xenon-arc lamp has two other useful 
effects. First, for the same average 
electric power into the xenon-arc lamp 
the higher instantaneous current during 
each pulse causes the arc to have a higher 
intrinsic brightness which gives 10 to 15% 
greater screen brightness for the same 
power consumed by the xenon-arc lamp. 
Second, the electrode life is increased and 
electrode evaporation is reduced because 
of the “rest period” between pulses. 

The xenon lamp shown in Fig. 3 has a 
center bulb diameter of 1} in. The 
total overall length between electrode 
extremes is 72 in. The enclosure is 
made of fused quartz which has the 
requisite strength at high temperatures. 

The operating temperature raises the 
gas pressure to several times that exist- 
ing at room temperature. However, 
the lamphouse affords complete protec- 
tion from operational hazard. Addi- 
tionally, the lamphouse door in the 
Navy AQ-2(1) xenon-lamp conversion 
is interlocked to prevent operation when 
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Fig. 5. Relative sizes of the 1,000- 
watt, 10-hour, tungsten incandescent 
projection lamp filament and the Hanovia 
xenon lamp arc as compared to a 16mm 
film aperture. 


open. During experimental develop- 
ment the xenon lamps have been shipped, 
mounted in the projector, by air- 
plane, train, truck and auto without a 
single instance of breakage. We have 
not experienced any instance of lamp 
explosion with the lamps either hot or 
cold. ‘The general opinion is that they 
are not quite as hazardous as television 
cathode-ray tubes. 

The quartz-enclosed electrodes be- 
tween which the arc occurs are made of 
exceptionally pure tungsten of adequate 
section to carry the requisite current. 


Light Characteristics of the 
Xenon Lamp Arc 


Figure 4 shows the light distribution in 
the arc of the Hanovia xenon-arc lamp 
with the arc image reinforced with a re- 
flector, such as is used in the Navy 
AQ-2(1) projector optical system. With- 
out the reflection the arc image would be 
wedge-shaped, with the narrow end of 
the wedge at the bottom electrode and 
the broad end of the wedge at the top 
electrode. The reflector used lays an 
inverted image of the are upon itself and 
makes the arc symmetrical about its 
horizontal axis. As can be seen, the arc 
has ‘Shot spots” at each end. The color 
temperature of these hot spots is up- 
wards of 6000 K. 

The shaded area shown on Fig. 4 is 
the center of the are that is magnified 
and elongated horizontally and imaged 
upon the film aperture by a condenser 
system. Incidentally the rather pecu; 
liar ‘‘X”’-shaped incidence of the light 
conduces to very uniform light disigibu- 
tion because it counteracts the normal 
corner “drop-off” in light on the screen 
due to lenses. This area of the are pro- 
jected upon the aperture and on_ the 
screen does not include the hot spots, 
since their high intrinsic brightness and 
high color temperature would cause 
bright bluish bands at the top and bot- 
tom of the screen. Further, the elec- 
trodes themselves are excluded from the 
area of the arc chosen for projection be- 
cause they become incandescent and 
their light does not follow the pulsed 
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light shape required for shutterless opera- 
tion. Even though the light given off by 
the electrodes is minute as compared to 
the arc, a travel ghost would result. 
Under actual test, when electrode light 
was deliberately introduced, a_ travel 
ghost was readily seen on black-and- 
white test film because of its orange-red 
color rather than because of its intensity. 

In the main, 16mm projection will 
always be predominantly with incandes- 
cent as a light source. This makes man- 
datory a close approximation to the 
light characteristics of the incandescent 
lamp in any high light output substitute 
for it. While the xenon-arc stream, as 
used in the Navy AQ-2(1) xenon-arc 
conversion, is higher in color temperature 
than the incandescent lamp, its light 
composition does present, because of its 
continuum with regard to color, an ex- 
cellent actual compromise result. The 
Navy, through the facilities of the 
Brooklyn Motion Picture Exchange, has 
used it to screen the various color proc- 
esses and has found a widespread audi- 
ence reaction that the end result is most 
acceptable and pleasing. While the 
blues are somewhat accentuated, the 
balancing presence of red compensates for 
this. 


Optical Considerations 


Figure 5 shows the relative sizes of the 
tungsten incandescent light and the 
Hanovia xenon-arc light sources as com- 
pared to a 16mm film aperture as used 
in the Navy AQ-2(1) Sound Motion- 
Picture Projector. 

As can be seen, the usable tungsten in- 
candescent lamp area is of almost the 
same size as the 16mm film aperture; 
therefore the condenser system has only 
to take light from the tungsten incandes- 
cent lamp at the maximum useful lens 
aperture and redirect it on the 16mm 
film aperture in such a way that the pro- 
jection lens operates at full aperture for 
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maximum projected light on the screen. 

However, the usable area of the xenon 
arc must be considerably magnified, 
horizontally more than vertically, in 
order to fill the film aperture. This was 
further complicated by the fact that for 
maximum usefulness the conversion of 
the Navy AQ-2(1) 16mm Sound Mo- 
tion-Picture Projector required simplicity 
and a minimum of replacement parts. 
Therefore, the reflector for the xenon 
lamp was to mount in the same holes, the 
xenon lamp socket was to mount in the 
same holes in the same adjustable base 
as the tungsten lamp socket, and the 
xenon-arc condenser lenses were to be 
directly replaceable in the same lens 
holder. Also all existing projection 
lenses of different focal lengths for the 
Navy AQ-2(1) projector had to be ac- 
commodated at full efficiency. 

Figure 6 is a graphical picture of the 
complete light and optical system for the 
Hanovia xenon-arec lamp in the Navy 
AQ-2(1) 16mm Sound Motion-Picture 
Projector, while Fig. 7 is a photograph of 
the same. In this photograph the lamp 
housing and the condenser housing are 
removed. Also the mechanical shutter 
is removed for shutterless operation. 
The lens spacings shown are obtained by 
replacing the standard Navy AQ-2(1) 
condenser lenses with the new xenon- 
lamp condenser lenses, while the Han- 
ovia xenon-arc lamp spacing is obtained 
by replacing the tungsten incandescent 
lamp socket with the xenon-lamp socket. 

The same reflector is used as in the 
standard AQ-2(1) projector. 


Pulsed Light or Shutterless Operation 
Figure 8 shows graphically the shape 
of the light pulses from the Hanovia 
xenon-arc lamp and how the film pull- 
downs are accomplished during the 
xenon-arc “dark-out” periods. A rate 
of 120 light pulses/sec was chosen be- 
cause this can be most conveniently ob- 
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Fig. 6. A pictorial layout of the complete light and optical system of the xenon arc 


lamp conversion of the Navy AQ-2(1) 16mm Sound Motion Picture Projector. 
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tained directly from a 60-cycle power 
line and because a synchronous motor 
driving the projector from the same 60- 
cycle power line will always synchronize 
the film pulldowns with the xenon 
light ‘“‘dark-out” periods. As can be 
seen, this gives five light interruptions 
per frame of 16mm motion-picture film 
at the sound speed of 24 frames, sec, 
resulting in completely flicker-free pro- 
jection. 

Figure 9 shows the synchronous motor 
conversion kit necessary to convert the 
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Fig. 7. The light and optical system of the xenon arc lamp conversion of 
the Navy AQ-2(1) 16mm Sound Motion Picture Projector. 


Projector to Hanovia xenon-are lamp 
shutterless operation, while Fig. 10 
shows the synchronous motor mounted in 
the projector replacing the standard 
AQ-2(1) universal motor. 


Ballast 

The Hanovia xenon-arc re- 
quires a ballast and a starter in order to 
strike the lamp automatically and to 
operate it in such a way that a pulsed 
light output is obtained. As a design 
objective, every effort was made to de- 
sign a ballast using only static transform- 
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ers and condensers. No components of 
limited life that required periodic re- 
placement were to be used. 
the use of complex electromechanical 
devices, for timing or sequencing, was 
avoided to eliminate adjustment and serv- 
ice requirements. These design ob- 
jectives were in keeping with the require- 
ments of the Navy for the usage of this 
equipment. 

Naturally, the least possible weight 
and size of the ballast would be most de- 
sirable; however, it was felt that maxi- 
mum portability and usefulness could be 
retained if the automatic ballast starter 
did not exceed the Navy AQ-2(1) 16mm 
Sound Motion-Picture Projector in size 
and weight. Due to basic design ob- 
jectives for operation and safety, which 
could not be sacrificed, and worthwhile 
features that should be included for con- 
venience and ease of operation, this was 
quite difficult to accomplish. However, 
by designing the transformers for class H 
insulation and using the best grades of 
transformer lamination, the weight was 
brought down to 55 Ib, cables included. 

Figure 11 shows the circuit of the auto- 
matic ballast, starter and xenon lamp. 
At the left are the components that go. 
in the separate ballast package; in the 
center is the interconnecting cable; on 
the right are the starter components that 
are fastened on the lamphouse door. 
Mounting the starter components on the 
lamphouse door places rf(radio- 
frequency) striking voltage directly on 
the lamp and simplifies shielding for 
safety from high voltages. The inter- 
lock on the lamphouse door will shut 
off the lamp and kill all high voltages by 
opening the line contactor in the ballast. 
The line contactor will also open if the 
interconnecting cable is disconnected sa 


Further, 
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Fig. 8. A graphical representation of the light pulses from the Hanovia xenon arc lamp showing how the film pull-downs 
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Fig. 9. The synchronous motor con- 
version kit for the Navy AQ-2(1) 16mm 
Sound Motion Picture Projector. 


that no line plugs or line cable ends can 
be encountered. 


Operation of Ballast 


Figure 12 shows the approximate 
voltages and currents in the ballast 
starter circuit while the lamp is striking, 
but before it has struck. Figure 13 
shows the approximate operating cur- 
rents and voltages after the lamp has 
struck and is operating and giving a 
pulsed light output. 

The “peaking transformer” is a sat- 
urated iron-core reactor that distorts 
the current waveshape such. that the 
Hanovia xenon-are lamp gives a pulsed 
light output. 

The “ballast and starter transformer” 
in conjunction with the “striking con- 
denser” supplies the starting currents 
and voltages and operating currents and 
voltages at terminals (2) and (3) to com- 
plement the electrical characteristics 
of the Hanovia xenon-arc lamp. Also 
the “ballast starter transformer,” by 
acting as an autotransformer, reduces 
the line demand of the ballast. Fur- 
ther, the circuit of “peaking  trans- 
former,’ “ballast and starter trans- 
former,” and “striking condenser” tends 
to regulate the Hanovia xenon-arc lamp 
current, and consequently light output, 
for varying line input voltage. 

Now before a simplified explanation 
of the operation of the ballast is made, 
the striking, starting and operating char- 
acteristics and requirements of the 
Hanovia xenon-are lamp will be men- 
tioned. The rf striking circuit consist- 
ing of “high-voltage transformer,” “spark 
gap,” “condenser” and “pulse trans- 
former” will be considered as part of 
the xenon-are lamp circuit that the bal- 
last must supply and complement. 

Figure 14 shows the starter on the 
lamphouse door with its cover removed. 
On top is a small blower that supplies 
additional cooling to the top of the 
Hanovia xenon lamp in the lamphouse. 
In the center is the “pulse transformer,” 
on the bottom is the “spark gap” covered 
with an insulating housing, and behind 
the spark gap is the “condenser.” 

To start the Hanovia xenon lamp re- 
quires 150 v of line frequency. With 
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the 150 v available the rf striking circuit 
is energized and the lamp is struck. 
However, the lamp when struck will not 
start unless approximately 900 va(volt- 
amperes) is available from the 150-v 
initial voltage to 30-v operating voltage. 
The higher the volt-amperage available, 
initially at strike, the quicker the xenon 
lamp will start. However, to exceed 
900 va, which is the operating volt-am- 
perage, at strike may reduce useful lamp 
life due to electrode evaporation and 
bulb blackening in the lamp. There- 
fore, the xenon lamp and rf striking 
circuit require 150 v at strike, with 900 
va available from 150 v strike and start 
to 30 v operating. At 30 v and 30 amp 
operating, the rf striking circuit is in- 
operative because not enough voltage is 
available from the “high-voltage trans- 
former” to discharge across the “‘spark 
gap.” 

If only the “peaking transformer” and 
winding No. 1 and winding No. 2 of the 
“ballast and starter transformer” are 
connected to the line (see Fig. 12), but 
the “striking condenser” is not in the 
circuit, the “peaking transformer’? and 
winding No. 1 and No. 2 of the ballast 
starter transformer will divide the 115-v 
line voltage and only a small exciting 
current will flow. The voltage avail- 
able at (2) and (3) would be approxi- 
mately 40 v atno load. With a load across 
(2) and (3) not more than 350 va could 
be drawn. 

If only the “striking condenser” and 
winding No. 3 of the “ballast starter 
transformer” are connected across the 
line, but the “peaking transformer” 
is not in the circuit, a heavy current, 


7.5 amp, will flow in this series circuit. 
The impedance of this series circuit con- 
sists of only a small inductive reactance, 
since the capacitive reactance of the 
“striking condenser” partially cancels 
the inductive reactance of winding No. 3, 
However, individually the impedances 
of the inductive and capacitive react- 
ances are high and the 7.5-amp current 
causes a voltage drop of approximately 
540 v across the condenser and ap- 
proximately 430 v across the winding No. 
3. Now, since winding No. 3 is on the 
same core as winding No. 2, a voltage of 
approximately 150 v is induced across 
winding No. 2 across points (2) and (3). 

If the peaking transformer is now put 
into the circuit, it acts as a high imped- 
ance partially isolating point (1) from 
the line such that the voltage at winding 
No. 2, points (2) and (3), is determined 
by the voltage across winding No. 3 
rather than by the line. With the 
higher voltages across windings No. 2, 
No. 1 and the peaking transformer, a 
somewhat higher exciting current is 
drawn through these windings. 

Now, with 150 v across points (2) 
and (3), the rf starter strikes the xenon 
lamp and the lamp starts to draw 900 
va. This volt-amperage, while the lamp 
current is low and the lamp voltage high, 
is mostly supplied by the series circuit of 
“striking condenser’ and winding No. 3, 
and partially by increased exciting cur- 
rent through the peaking transformer as 
the lamp load across winding No. 2, 
points (2) and (3), lowers the imped- 
ance of winding No. 2. As the lamp 
heats up, its impedance drops and an 
increased current flows through it, caus- 


Fig. 10. The synchronous motor mounted in the Navy AQ-2(1) 16mm Sound Motion 


Picture Projector. 
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through winding No. 3 finally increases 
to a point where it is greater and there is 
a reversal of current through the series 
“striking condenser,” winding No. 3 
circuit. Due to the parameters of the 
circuit, this action continues until a 
stable point is reached where the lamp 
operates at 30 v and 30 amp. 

The bucking current through winding 
No. 3 circulates through the peaking 
transformers, windings No. 1, No. 2, No. 
3 and the striking condenser (see Fig. 
13). This bucking current increases the 
saturation of the peaking transformer 
and raises the voltage across the peaking 
transformer. With the peaking trans- 
former at a higher voltage, separated by 
the turns ratio of winding No. 1 and No. 
2, the effect of line variation on lamp 
voltage and current minimized. 
Further, the circulating bucking current 
opposes current change in the circuit. 
Thus, fairly good lamp-current regula- 
tion is achieved. 

This explanation of the automatic 
starter ballast is only approximate cue 
to its high harmonic content. The 


Fig. 12. Approximate voltages and currents in the ballast-starter circuit while the 
Hanovia xenon arc is striking, but before it has struck. 
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Fig. 13. Approximate operating currents and voltages after the lamp has struck and 


is operating with pulsed light output. 
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Fig. 14. The starter, with cover re- 
moved, mounted on the lamp house 
door of the Hanovia xenon arc lamp 
conversion of the Navy AQ-2(1) 16mm 
Sound Motion Picture Projector. 


values of current and voltage shown on 
Fig. 12 and particularly on Fig. 13 are 
approximations for this reason. 


Other Applications of the Xenon-Arc 
Projector 


The pulsed light output from the 
xenon-are lamp conversion of the Navy 
AQ-2(1) projector having a frequency of 
120 light pulses, or fields, per second 
immediately suggested itself for televi- 
sion use, where 60 light fields, lace and 
interlace, per second give 30 pictures per 
second. As it happened, a vidicon tele- 
vision Camera was in use for 16mm mo- 
tion-picture pickup in the projec- 
tion room where the xenon-are lamp pro- 
jector was being tested; therefore, the 
xenon-arc lamp projector was simply 
substituted for the special 16mm, me- 
chanically shuttered, 60 light fields /sec, 
television film projector. At the time it 
was a surprise that the xenon-are lamp 
projector, with its 120 light pulses, sec, 
or two light pulses per television field, 
produced a_ television picture having 
uniform light distribution. Further, all 
the difficulties of poor television picture 
light distribution and application bar 
that had been encountered with the 
mechanically shuttered television pro- 
jector were eliminated, since the poor 
television picture light distribution was 
due to the transit time of the mechanical 
shutter and due to imaging behind the 
motion-picture film upon the shutter 
blades, because of increased depth of 
focus of the projector and television 
camera optical systems, and the applica- 


tion bar was due to minute imperfec- 
tions in shutter blade width and spacing. 

These results Jed to further tests on 
television pickup of 16mm motion-pic- 
ture projection with both image-orthicon 
and vidicon television cameras. It was 
found that the image persistence of both 
cameras was great enough so that having 
two separate light pulses per television 
field was not detrimental to picture light 
uniformity. 

One interesting feature was brought 
out when the xenon-are lamp projector 
was used with a rear-projection screen for 
television stage backgrounds. ‘The gene- 
ral foreground stage lighting could be in- 
creased and even directed upon the rear- 
projection screen until the image of the 
xenon-arc lamp projector picture was 
washed out. However, the image per- 
sistence of the television camera retained 
the peak intensity of the xenon-are lamp 
pulses. Therefore, the television pic- 
ture showed the background rear-pro- 
jection image at full contrast, while the 
eye seeing the average light from xenon- 
arc lamp pulses saw the rear-projection 
image on the stage washed out by the 
foreground lighting. 

The xenon-are projector was also ex- 
cellent for television color film pickup, 
because of the abundance of light, the 
television color-separation process being 
exceedingly wasteful of light. Further, 
the continuous color spectrum of the 
xenon-arc lamp made color balancing 
of the three color images easy to accom- 
plish. 


At this time we want to thank Philip 
M. Cowett of the Navy Bureau of Ship, 
who first recognized the possibilities of 
the xenon-arc lamp for 16mm motion- 
picture projection and for all the help 
and suggestions he gave us on this Navy 
project; Dr. W. T. Anderson, Jr., 
Director of Research, and J. F. Postell, 
of the Hanovia Chemical and Mfg. Co., 
for their cooperation in the develop- 
ment of the lamp that made the success 
of this Navy project possible; and Walter 
A. Lotz for the optimistic assistance he 
gave the authors in the field of optics 
and the many others who contributed 
their efforts and encouragement in this 
project. 

It is our feeling that the xenon-arc 
lamp as a new light source with its 
many novel and unique characteristics 
has possibilities not only in the motion- 
picture field but in all fields where a 
color-balanced light is required. The 
high-pressure xenon-gas quartz lamp 
may usher in a new era of high-efficiency 
light output devices. It has been a 
privilege to the authors to contribute in 
some small degree to this basically new 
art. 
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Discussion 


L. L. Behrmann (Army Medical Service): What is 
the possibility of using this lamp in a television 
system? 

Mr. D’ Arcy: We've had very good success with 
this light source in television. We've had no 
shutter-bar. It surprised me how effectively 
the lamp functioned. In the case of television, 
of course, everything is limited by the 60-cycle 
light source, giving two pulses per field. You 
might expect that one would get a little frame 
dark spot at the top and bottom of each field 
and a bright spot in the center. However, we 
have not encountered these. Apparently there 
is sufficient storage capacity in the present 
camera tubes, both the image orthicon and the 
vidicon, to make this a very practical way of 
doing the job. 

Mr. Behrmann: Is it possible to obtain this lamp 
in a smaller wattage? 

Mr. D’ Arcy: Definitely. 

Walter I. Kisner (Eastman Kodak Co.): Have you 
made any measurements with respect to the 
heat at the aperture when this lamp is used, 
relative to that when a tungsten lamp of equiv- 
alent wattage is used? 

Dr. Anderson: Not as yet. The xenon lamp 
does not produce as much heat as the Mazda 
Lamp operating at the same power. It is 
cooler. I think it produces about 80% of the 
temperature. 

Anon: On smaller screens is there an adjust- 
ment for operating at less than 2000 lumens? 

Dr. Anderson: Yes, you can reduce the power 
input to the lamp. I understand that the color 
temperature decreases somewhat, which is rather 
favorable if you are going to consider the fact 
that prints may have been matched to the color 
of Mazda and not that for the xenon source. 

Mr. D’Arcy: The color temperature doesn’t 
change radically. In other words, when Dr. 
Anderson spoke of color temperature dropping 
with lower current, I don’t think it is a very 
drastic change — a few hundred degrees at the 
most. 

R. T. Van Niman (Radio Corp. of America): 
What is the weight of the power supply? I can 
see that it is rather small but is it very heavy? 

Mr. D’ Arcy: The power supply weighs 55 lb. 
The weight of the projector itself is increased 
an additional four pounds by the weight of the 
lamp and the coil and spark starting mechanism. 

R. A. White (General Precision Laboratory): 1 
notice in Mr. D’Arcy’s lantern slide illustrating 
the timing cycle that the film pulldown takes 
place between the light pulses. I presume that 
the projector used in the demonstration was per- 
forming in this manner. Did you have to in- 
crease the speed of pulldown on the standard 
projector to accomplish this? 

Mr. D'Arcy: Our projector has a 40° pull- 
down. 

Mr. White: 40°? 

Mr. D'Arcy: That’s correct. And that’s ade- 
quate to do the job. Mr. Seda had quite a bit 
of romance in shaping the pulse. That's a dif- 
ferent story. It’s not only the pulldown, but 
it’s also the electrical shaping of the pulse which 
makes this job possible. 

Mr. White: I was thinking in terms of tele- 
vision projection which you mentioned. 

George Lewin (Signal Corps Pictorial Center): 1 
noticed that it seemed to take a little time to 
start the arc. Is that typical or can this be 
resolved? 

Mr. D’Arcy: 1 think we can make improve- 
ments in the starter. This is not the ultimate in 
starters as yet and for some reason, this being a 
time when it would act up a little bit, it isn’t 
doing the job the way it normally does. Norm- 
ally the are should start immediately after the 

first starting pulse. You can understand my 
unwillingness to delve into the equipment at 
this time to improve the performance. 
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Electronic Flashlamps 


The increased use of xenon-filled flashtubes for commercial, illustrative, scientific 
and industrial fields is reported along with an analysis of the advantages obtained. 
Factors that should be considered in applying electronic flash are defined along 
with a report on efforts to obtain uniformity in the definition of terms. New 
applications of standard single-flash and repetitive-flash equipment in photo- 
instrumentation, photocopy and industrial research work are described. 


awe HISTORY of electronic flash is, of 
course, part of the history of high-speed 
photography itself. As early as 1852, 
H. Fox Talbot suggested that “‘it is in 
our power to obtain pictures of all 
moving objects, no matter in how rapid 
motion they may be, provided we have 
the means of sufficiently illuminating 
them with a sudden electric flash . .. .” 

In 1878 Dornesthorpe published an 
account of a method of projecting trans- 
parencies by means of a series of flashes 
from a vacuum tube. Ottaman 
Anschutz carried this technique farther 
and by 1884 had produced creditable 
pictures of birds in flight. From 1885, 
he carried out work very similar to that 
being done by Muybridge. Starting in 
1881, Ernest Mach, assisted later by his 
son Ludwig Mach, used electric sparks 
for photography in ballistic studies. 

Around 1890, Sir Charles Boys took 
shadow photographs of projectiles, sim- 
ilar to those taken earlier by Mach. 
However, Boys succeeded in obtaining 
greater information by measuring the 
duration of the spark. He recorded a 
reflection of it from a rapidly revolving 
mirror on a photographic plate and 
measured the length of the trace —a 
method which we still use today. 

The light flash produced by the spark 
discharge was limited and the use of this 
technique for illuminating a subject was 
confined to small areas. 

High-speed photography continued 
its advance with the introduction and im- 
provement of components, systems and 
techniques. One of the main obstacles 
was the difficulty in obtaining adequate 
lighting for nonluminous subjects. In 
1931, Harold E. Edgerton pointed out 
that a mercury arc could be made to give 
short flashes of highly actinic light. 
This provided higher efficiency of utiliza- 
tion as compared with a continuous 
source of high intensity. It also made 
possible the omission of both the shutter 
and optical compensator. Edgerton dem- 
onstrated a film made in this way, with 
individual exposures of less than 10 
usec, of a synchronous motor pulling 
into step. 


Presented on May 6, 1954, at the Society’s Con- 
vention at Washington, D.C., by Harry L. 
Parker, American Speedlight Corp., 480 Lexing- 
ton Ave., New York 17. 

(This paper was received on May 26, 1954.) 


This development by Edgerton is 
considered the start of electronic flash as 
we know it today. Edgerton continued 
his work in this field, developing im- 
proved control circuits and discharge 
tubes. By 1938, basic circuits and tubes 
of the type used today were developed, 
though it is now less used for cinemato- 
graphic work than for single flashes. 

The light output and operating char- 
acteristics of the xenon-filled flashtube 
made it a very important light source for 
photography, including the fast develop- 
ing field of color photography. The 
characteristics are: (1) spectral distri- 
bution similar to daylight; (2) cool, 
because of high efficiency of utilization; 
(3) flashes are uniform and reproducible ; 
(4) clean; (5) economical; (6) high- 
peak illumination; and (7) high speed. 

The recognition of these factors is the 
reason why today electronic flash (also 
called speedlight or strobe) is a major 
light source in photography, particularly 
professional and commercial still photog- 
raphy. 

With the tremendous growth of photog- 
raphy in industry, electronic flash is 
being used in an ever-increasing number 
of applications. In fact, it is well to 
consider the use of electronic flash where 
the above factors are important enough 
to become the deciding factors. 

With the increase in application, 
however, there comes a need for a more 
definite understanding of all operating 
characteristics. Many people now 
using, or who want to use, electronic 
flash are primarily photographers and 
not research scientists. Many have con- 
sidered electronic flash as some 
mysterious black magic; therefore, defini- 
tion and standardization of the terms 
used in this work are important. It is 
felt that such definitions and standardiza- 
tion of terms will help photographers in 
industry and research to use this im- 
portant light source effectively. 

From the standpoint of practical 
application, the factors that should be 
known about any light source are: (1) 
spectral distribution (most speedlight 
units can be considered approximately 
the same); (2) strength of light (meas- 
ured in beam candlepower seconds); 
(3) the angle of coverage of the reflec- 
tor; and (4) the duration of the flash. 
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1. The wedge spectrograms, as shown 
in High Speed Photography by George A. 
Jones, show the similarity of the output 
of the flashtube to that of daylight. 

2. Unfortunately, most photographers 
rate electronic flash in terms of watt- 
seconds. This is a measure of energy 
storage, not light output. Therefore, 
it is felt that the sooner we start rating 
electronic flash in terms of light output, 
the better it will be. The candlepower- 
seconds as measured on the beam of the 
reflector (beps) is one convenient 
method. 

3. The angle of coverage of the re- 
flector is a factor which requires defining 
the method of measuring and the limits 
involved. In the survey that has been 
made concerning these factors, the 
consensus of opinion indicates that the 
reflectors should be rotated on a pivot 
which is marked with a compass, and 
the meter or receiver should be in a fixed 
position. It is further felt that the limits 
in defining angle of coverage of the 
reflector should be at the angle at which 
the light output falls to one-third the 
value, obtained on the axis. This angle 
off axis would represent the one-half 
angle of the reflector. In other words, 
a reflector whose output at 30° off axis 
dropped to one-third of that measured 
on the axis, would be defined as a 60° 
reflector. 

4. Duration of flash is important be- 
cause of many considerations: image 
motion, reciprocity failure, etc. This 
also needs defining. Figure 1 shows a 
typical discharge curve of a flash dis- 
charge. Various points of definition 
have been used by different workers. 
However, from the consensus of opinions 
expressed in the survey, it seems that the 
time between the third-power points 
should be the point of measurement used 
for defining the discharge time of elec- 
tronic-flash equipment. 

(5) Of importance in the application 
of electronic flash is the recharge time. 
In normal condenser charging, the volt- 
age on the condenser rises exponentially. 
Since light output varies as the square of 
the voltage, it is necessary to have the 
voltage as near the 100% value as possi- 
ble when flashing. As a_ practical 
matter, the 90% voltage point is defined 
as the point for defining recharge time 
of electronic-flash equipment. The re- 
charge time is also one of the limiting 
factors in cinematographic applications 
(Fig. 2). 

In the application of electronic flash 
for repetitive flashing, the limiting 
factors are: (1) average power-handling 
capabilities of the tube which are affected 
by (a) repetition rate; (b) energy per 
flash; and (c) cooling or heat dissipa- 
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tion; (2) recharge time; (3) deionizing 
of tube (holdover); and (4) duty cycle. 

At the present time there are several 
standard repetitive flashing units on the 
market. Custom-built equipment is also 
available to meet specific requirements 
of an application. The requirements of 
repetitive flashing equipment vary con- 
siderably in regard to both maximum 
repetitive flashing rate and amount of 
power per flash. In estimating the 
power requirements of a repetitive flash- 
ing unit, the power per flash times the 
maximum flashing rate per second in- 
dicates the average wattage consumption 
of the flashtube. The limiting com- 
ponent is the flashtube and the maximum 
average power that it can handle. 
When a flashtube is used for single flash 
work, the tube can handle considerably 
more power per flash than it can in 
average power for repetitive flashing. 

In designing equipment for repetitive 
flashing, it is necessary to know the type 
of work, the number of flashes per second 
that are required, and the amount of 
light per flash that is required; or else 
the photographic exposure, the type of 
materials and the light-to-subject dis- 
tance. It is also necessary to know the 
maximum duty cycle operation that will 
be required of the equipment. 

[here is an ever increasing use of 
electronic flash in industry for various 
applications such as: (1) illuminating 
panels and dials for data recording; 
(2) illuminating counters for time base; 
(3) study of simultaneous events; (4) 
copying, particularly of color artwork; 
(5) large-area illumination where motion 
is involved; (6) sequential pictures for 


Fig. 1. A typical discharge curve of a flash discharge. 
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individual frame analysis; (7) multiple 
images on a single picture; and (8) 
time-lapse work. 


Discussion 


Henry Roger (Rolab Studios): In taking photo- 
micrographs with a photoflash, it would be nec- 
essary, of course, to have a pilot light with which 
to focus. This is especially true at high magnifi- 
cation. Now, the spectral characteristics of the 
pilot light should approximate those of the 
photoflash. What has been done in this re- 
spect? 

Mr. Parker: Several things have been done 
to help solve the problem of focusing. In focus- 
ing for the photomicrographs that I showed, 
Julius Weber, who did these particular shots, 
simply put a photoflood bulb in front of the speed- 
light unit and focused on the subject. Another 
way has been to use a flashtube with a modeling 
light, which is in the center of the helix. A 
third way of doing it on instruments such as the 
Leitz Panphot, where there are two optical 
paths, is to use a Mazda bulb with appropriate 
filters for focusing and then by “‘flipping” the 
mirror, the speedlight light source is sub- 
stituted for the actual photomicrograph. 


Mr. Roger: There is, of course, a difference 
of color temperature between the electronic and 
the Mazda light source. What is it approxi- 
mately? 


Mr. Parker: As I pointed out, electronic flash 
is similar to that of daylight and you would use 
daylight color materials unless you were using 
selective filtering. Now, we have done work 
with all types of color materials, including Ekta- 
color Print film, etc., and we find that by using 
selective filters, you can do quite a few tricks 
with electronic flash. Now, as you know, in 
photomicrography you often have to use selective 
filtering to bring out the type of subject. You 
might be interested to know that in the October 
1953 issue of the AMA Journal, the phase micro- 
graph that was on the cover was made with elec- 
tronic flash 1000 X magnification. 

Another technique that is used, particularly 
on high magnifications of still subjects with small 
equipment, is a matter of repetitive flashing 


Fig. 2. Recharge of condenser. 


(flashing the light a number of times). Of 
course, where there’s movement of live subjecis, 
you have to have a single flash. For higher 
magnifications, it means more power per flash to 
do the job. 


Mr. Roger: With regard to single-flash equip- 
ment, I believe it should not be called “‘strobe 
flash’’ or “‘strobe light” as so many call it. 


Mr. Parker: 1 agree. Strobe, in my mind, 
implies repetitive flash. In fact, the term 
“Strob” is a copyrighted term of one of the 
manufacturers in this field. We, too, often say 
strobe for this type of lighting, even though we 
know it isn’t exactly what we mean. 

The matter of the term watt-seconds is also a 
point that authorities in the field should under- 
stand. We should stop talking about watt- 
seconds as a rating of electronic flash, but talk 
about the light output. It will help propagate 
the proper use of the terms and ratings. 


Kenneth Morgan (Interchemical Corp., New York): 
Was the curve showing duration versus intensity 
produced by an oscillograph? 


Mr. Parker: That particular curve was just 
an approximate curve made on a piece of graph 
paper. We do make our curves with an oscillo- 
scope, a single-trace oscilloscope, such as the 
Du Mont 294A, with a phototube pickup. 


Mr. Morgan: Have you arrived at any con- 
clusions as to how you relate a curve of that 
type to the film in use? 


Mr. Parker: The matter of defining the dura- 
tion of the flash is one of agreeing on a point on 
the curve as a means of definition. This is one of 
the terms that has been discussed in surveys. 
For practical purposes, the time between the 
three power points has met with widespread 
agreement as the points of definition. Below 
the one-third point the light is not too effective 
for practical purposes. However, in the case of 
a high light, such as photographing a swinging 
golf club that is highly reflective, the “tail” of the 
curve is still effective. Therefore, when you get 
into exacting scientific work, it is necessary to 
have more precise definitions as to the duration 
of the flash, than we normally give for the 
average type of commercial and_ illustrative 
photography. 
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Engineering Activities 


New Index 


A new index to American Stand- 
ards on Cinematography, dated Sep- 
tember 1954, has just come off the press 
and will be distributed to all members 
of the engineering committees. Other 
interested parties may receive a free 
copy of this index upon written request 
to the Society headquarters. 

The previous index was issued Feb- 
ruary 1953. Since that time the process 
of revising outmoded standards, re- 
affirming standards still valid and adding 
new standards has continued apace and 
introduced sufficient changes to warrant 
the issue of this new index. Those who 
maintain a close watch on the status of 
existing standards would do well to 
have a copy of this latest issue. 

American Standards on Cinematog- 
raphy may be purchased directly on 
order from the American Standards 
Association, 70 East 45 Street, New York 
17, N.Y.—Henry Kogel, Staff Engineer. 


Proposed Revision of Three 
American Standards 
PH22.15, -.16, —.28 


Proposed revisions of three American 
Standards are published on the following 
pages for a three-month period of trial 
and criticism. All comments should be 
sent to Henry Kogel, SMPTE Staff 
Engineer, prior to December 15, 1954. 
If no adverse comments are received 
the three standards will then be sub- 
mitted to ASA Sectional Committee 
PH22 for further processing as American 
Standards. 

PH22.28, Projector Lenses for Mo- 
tion Picture Theaters, revises the exist- 
ing standard by eliminating references 
to (1) projection angle, (2) observation 
port and (3) projection lens mounting 
and also by several editorial modifi- 
cations including change in title. 

PH22.15, 16mm Film Perforated One 
Edge — Usage in Camera and PH22.16, 
16mm Film Perforated One Edge — 
Usage in Projector, have modified the 
previous standards by (1) elimination of 
the guided edge specification, (2) addi- 
tion of a +} frame tolerance on the 26 
frame sound to picture spacing and (3) 
several editorial modifications including 
change of title. The 16mm & 8mm 
Committee intends to resolve the guided 
edge question through the issuance of 
Society Recommendations providing the 
history and background of the question 
and recommendations as to preferred 
trends. 

The 16mm standards were approved 
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by the 16mm & 8mm Committee; the 
projection lens standard was approved 
by the Film Projection Practice Com- 


mittee and all three were approved for 
this trial publication by the Standards 
Committee. -H.K. 


Proposed American Standard 


Projection Lenses for 
Motion-Picture Theaters 


(Revision of 222.28-1946) 


1. Projection Lens Height 
1.1 The height from the floor to the center of 
the projection lens of a motion-picture pro- 
jector shall be 48 in., when measured with 
the projector at zero degree tilt. 


2. Projection Lens Focal Length 


2.1 The focal length of motion-picture pro- 
jection lenses shall increase in 4-in. steps up 
to 8 in., and in Y2-in. steps from 8 to 9 in. 


3. Projection Objectives, Focal 
Markings 


3.1 Projection objectives shall have the 
equivalent focal length marked thereon in 
inches, quarters, and halves of an inch, or in 
decimals. 


3.2 The tolerance of the designated focal 
length shall not exceed + 1%. 


American Standards 
PH22.58, -.59, -.95, -.96- 
1954 and Withdrawal of 
Z22.54-1946 


Published on the following pages are 
two new standards, PH22.95,-.96 and 
revision of American Standards PH22.58 
and -.59. 


The two new television standards, 
PH22.95 and -.96 were published for 
trial and comment in July 1953 along 
with an explanatory paragraph giving 
the basis for arriving at the specified 
dimensions. 


Revision of PH22.58 and -.59 in- 
volved substantial modifications. The 
reasons for these modifications and the 
proposals themselves were published in 
October 1953. 

On August 26, 1954, American Stand- 
ard Method of Determining Freedom 
From Travel Ghost in 16mm Sound 
Motion Picture Projectors, Z22.54-1946, 
was withdrawn. The action was taken 
because the diamond target specified 
in that standard was considered unsatis- 
factory and the test film containing the 
target had not been generally supplied 
to the trade for many years. To fill this 
void, the 16mm & 8mm Committee 
is in the process of developing a replace- 
ment standard. In the meantime the 
Society is supplying a travel ghost test 
film with a more satisfactory rectangular 
target.—H.K. 


NOT APPROVED 


A Graphic Language for those concerned 
with electrical diagrams has emerged from 
a complete revision and coordination of five 
American Standards for graphical symbols 
and is available from the American 
Standards Association, 70 E. 45 St., New 
York 17, under the designation American 
Standard Y32.2-1954. The 58-page Stand- 
ard costs $1.25. The project was led 
jointly by the American Institute of Elec- 
trical Engineers and the American Society 
of Mechanical Engineers. The Standard, 
containing single-line diagrams and simpli- 
fied symbols, is of use in all electrical fields 
including radio and electronics, telephone, 
telegraph and power. Symbols already in 
use are included wherever possible, and 
the points of view of many groups are co- 
ordinated. 


MEMBERSHIP CERTIFICATES 


Society members have for many years 
purchased attractive hand-engrossed 
membership certificates for display in 
their offices or homes. These certifi- 
cates were always priced, at least as far 
back as the records go, at $1.50. This is 
now less than their cost and so it has been 
necessary to increase the price of cer- 
tificates effective October 1, 1954, to 
$2.50. 
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arr 3 News and Reports 
3 E < 3 2 é SMPTE 76th Convention the first and second quarters of this year 
2 had kept expenses within the bounds set 
i £0 2 2 > Local Arrangements by the Society’s 1954 budget. Income 
a) > 8 g 2 = ’ ‘ll had not held up, however, and by the end 
3 >= The of hairmen of May had fallen behind far enough to 
< 3 Fall has been re d by Con- show clearly that the second-half budget, 
£ vention Vice-President Servies: which is a mid-year revision, had to pro- 
3 © g a = & Local Arrangements Chairman, vide for some additional savings to insure 
4 $s NE S Philip G. Caldwell that actual operations, come year-end, will 
é aan < 3 Registration, Robert P. Young not have violated the Board’s firm request 
£ ©3° 3 Hotel Arrangements, Vaughn C. Shaner that 1954 finish up well in the black. 
£ > = 3 £ 5 Transportation, Betty Hartlane In view of the deficit for last year, which 
S = aH ee Projection, Bundy Smith was reported on page 315 of the April 
§ 3 S & $ 2 Public Address, Edwin W. Templin 1954 Journal, it is vital that the Society not 
f - ee Hospitality, Jack Duvall be forced to draw again on its modest 
Exhibits, ‘Thomas J. Gibbons, Jr. reserve. 
ect $ : Publicity, Harold Desfor, Martin Waldman While work was proceeding on the new 
‘ - £ 2S 8 Ladies Committee, and tighter budget, several economy meas- 
~ E 8 E: Mrs. P. G. Caldwell, Mrs. J. G. Frayne ures clearly necessary were taken under : 
5 = > 4 Luncheon, Carl Hunt the authority of the Executive Committee. 
2 . 3 3 Banquet, Sidney Solow The position of headquarters Office Man- 
= bers on September 1, with a hotel reserva- 
oo PR tion form enclosed. The rates and reserva schedule. Also effective July 1 was a 30% 
= - é Sé a- 
2 5 £ ine tee The rent reduction, occasioned by the move of 
ec & published on page 67 of the August Journal headquarters from the American Radia- 
2 3 £2 s The T . > 9 ; é tor and Standard Sanitary Building at 40 
The Tentative Program, as arranged by ? 
West 40 Street to the Bryant Park Build- 
Program Chairman Lovell and the Papers W 42S N York Ci 
at 55 “s 2 Street, Ne +k City. 
2 Committee, is given in later pages of this 
Based on the fact that actual income for 
NES 3 Tom Gibbons, Exhibit Chairman, has the first six months had 7o lower 
op than the initial budget estimate and upon 
sent layouts of the exhibit space and booths , : 
to the industry’s equipment and services the detailed knowledge of actual second- 
half experience for several prior years, 
suppliers, and a large exhibit is now 
tein income for the full year was estimated at 
$213,625, which is below the original 1954 
The traditional banquet, at which So- 120 $29.000. Usi thi 
ciety awards will be made, will be held on / 
Wednesday evening, October 20. 4 starting poin xec u ive Secretary 
+| 3 = and the Executive Committee prepared 
3s 3 ~ < So= Society News pated loss of income with a $27,540 or 
= 12% cut in provision for expenses. This 
<= oN ox a The items of news and official business 
e EGER 2342562 that appear below will be of interest to 
* oS planners felt could be made without criti- 
E> Sa. members who follow Society affairs. 
n> 
E2os cally compromising or dropping entirely, 
» of the basic services 
Board Meeting any of the basic services. 
is 
c= The Board of Governors met for the “ o 
oa ones came about in this way: 30° reduc- 
ass 5 third time this year, on July 15, in New 
2gece 8 York City. membership expenses; a 2}% reduction in 
oo ce Toy rs attended. with Herbert B: ship expenses, a <9 /o Ve 
$a © 62 bers attended, with Herbert Barnett pre- : > 
a3 Set 2S 3 ‘din publications operations which were al- 
®© og ready at a low figure. Administrative ex- 
cof First item on the agenda was the report 
by the Executive Secretary who told briefly ‘ 
~ Seo OLaLETE what the Society had accomplished dur- In practical terms these changes mean 
Tir ing the first six months of 1954 and how its that the members themselves must take 
r al letely tt { 
financial affairs stood at the close of busi- over almost y nto 
- efe22o9 ness on June 30. He recalled that. to convention papers, the planning and opera 
Fd 4 Fa € 52 = 3 meet an expected reduction of income for tion of semiannual conventions, solicita- 
g 226¢ & £ 1954, the balanced budget adopted at the tion of sustaining and individual members 
and, on ion, the preparation of pub 
Poets beginning of the year and the activities that and, On Occasion, the preparauo 
j Ss = St = £28 2 3 that budget provided for had been scaled lie ity material and the recording of meet 
down to a level well below that of 1953. ing minutes. The headquarters, operat- 
e Eee Test films aside, the reduction amounted ing on the new basis, d to prov icle 
ee 3 2 Som — Ba to about 20%. only those services which it is impracti- 
ae aa =% 5 sic 8 Tight limits had been set on the Journal, cal, for one re ason Ot another, for the 
a pages per issue being cut almost 40%. members to provide for themselves. 
> Late in January the headquarters staff Reviewing the operating policies and the 
5 & s ¢- F382 8 = was reduced by one and in March another strict control adopted during the past two ( 
< S 2e=anrOsg staff member went onto a half-time sched- vears, Mr. Kreuzer, Financial Vice Presi- t 
-= 2 xSGreT ule. Membership solicitation funds were dent, explained that the new second-half 
25 = ms ee cut by 35% while provision for adminis- budget for 1954 was the direct result of 
28 £ a5 £ os trative expenses was reduced by about 17% close and that 
below actual expenditures in this category bring the Society out nicely in the black 
for 1953. at the end of the year without affecting, 


Careful supervision of operations during in any major way, the extent or value of the 
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services that have become the traditional 
obligations of SMPTE. On his recom- 
mendation the Board adopted the pro- 
posed new budget. 

Through the month of June, 451 new 
members joined the Society and 28 former 
members were reinstated. Although well 
behind the record of 596 new members 
and 31 reinstatements for the first half of 
1953, this year’s growth still presents a very 
attractive picture. 

Having considered on many occasions 
the balance between the Society’s income 
in the form of dues from individual mem- 
bers and the cost of providing those mem- 
bers with the Journal, conventions, Sec- 
tion programs, and other services, the 
Board of Governors finally and reluctantly 
concluded that the quality and extent of 
such services could be continued over the 
years with assurance only on condition 
that the rate of annual member dues was 
increased, and that the increase take effect 
with the calendar year 1955. Although the 
value of the dollar has changed by a con- 
siderable amount in recent years, member- 
ship dues have remained the same since 
1946, when Associate dues increased from 
$7.50 to $10 and Student dues went up 
from $3 to $5, 

During its previous meeting in May, the 
Board discussed this question in detail and 
passed a_ resolution proposing such an 
increase and subject to ratification, at this 
meeting. The question was again con- 
sidered in July and after extensive discus- 
sion, the Board of Governors passed these 
three formal resolutions: 

“RESOLVED, that in order adequately 
to carry out the objects of the Society as 
set forth in its Constitution and Bylaws, 
it is necessary to increase annual dues rates 
as follows Associate from $10 to $12; 
Active and Fellow from $15 to $18;” 
and it is further 

“RESOLVED, that the Secretary be and 
is hereby directed to announce this recom- 
mendation to the membership by a notice 
in the earliest available Journal,’ and it is 
further 

“RESOLVED, that the Secretary be and 
is hereby directed to place on the agenda 
for the next annual meeting of the So- 
ciety, a proposal to so amend the Bylaws 
of the Society.” 

The Treasurer, Secretary and the Vice- 
Presidents reported on the areas of Society 
activity for which they are responsible. 
Mr. Colburn, Treasurer, presented the cash 
report; Mr. Simmons’ Editorial Vice- 
President, reported, in absentia, that prog- 
ress with the Journal’s advertising pro- 
gram had proved somewhat better than 
anticipated, that the new Journal in 
81" X& 114" size would prove to be an 
attractive and efficient one and that the 
advertising policy adopted by the Board 
and to be observed explicitly in the ac- 
ceptance of advertising copy would make 
that section of the Journal a useful service 
to the members. 

Mr. Jensen, Engineering Vice-Presi- 
dent, explained that the committee on 
Films for Television and Television Film 
Equipment had been combined because 
of their gradually overlapping interest, 
into a single television committee under 
Mr. Gentry Veal as Chairman.  Estab- 
jished relations with the television com- 
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mittee work of the Radio Electronics- 
Television Manufacturers’ Association will 
continue as before. High on the list of 
current projects is development of color 
test films and test slides for use by televi- 
sion broadcasters. 

The eleven technical committee meet- 
ings held during the 75th Convention and 
the fifteen to twenty additional standards 
expected to develop from that work were, 
Mr. Jensen pointed out, an indication of 
the current volume of SMPTE standardiza- 
tion activity. Members of all engineering 
committees had, by the time of the Board 
meeting, received copies of a new engi- 
neering committee manual that had been 
prepared by Hank Kogel as a guide for 
chairmen and for newcomers to the SMPTE 
engineering committee organization. 

Jack Servies, Convention Vice-Presi- 
dent, reported that the 75th Convention in 
Washington had come out in the black, 
and that work already underway for the 
76th Convention in Los Angeles forecast a 
successful operation there. 

Mr. Seeley, Secretary, presented to the 
Board the reports of the Committee on 
Fellow Membership, Sarnoff Award, War- 
ner Award and Progress Medal, and in the 
sphere of his own major current project ex- 
plained that work on the new series of 
Administrative Practices was progressing. 

Chairman of the Nominating Commit- 
tee, Garland C. Misener, offered for Board 
consideration, the names of candidates 
selected by his committee, to appear on the 
national election ballot. The slate of 
candidates for the Society’s 1954 national 
election is as follows: 

President John G. Frayne 
Executive 

Vice-President 
Editorial 

Vice-President 
Convention 

Vice-President 


Barton Kreuzer 
Norwood L. Simmons 


Byron Roudabush 


Secretary Edward S. Seeley 
Governors from East (nominees ) 
Coast Area Gordon A. Chambers 


Russell C. Holslag 
George Lewin 
Reeve O. Strock 


Governors from Cen- (nominees ) 
tral Area Arthur J. Hatch, Jr. 
Bruce Howard 
W. Wallace Lozier 
Malcolm G. Townsley 


Governors from West (nominees ) 
Coast Area Don M. Alexander 
John W. DuVall 
Lloyd T. Goldsmith 
Sidney P. Solow 


Jim Wassell presented the Central Sec- 
tion’s treasury balance and the names of 
Section nominees for the 1954 election. 
These were: 


Chairman James L. Wassell 
Secretary- Treasurer Kenneth M. Mason 
Managers (nominees ) 


Jerome C. Diebold 
Milton Goldstein 
L. S. P. Hancheck 
Robert G. Herbst 
Gerhard W. Kugel 
David W. Ridgway 
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Everett Miller presented the report of 


the Atlantic Coast Section. Following is a 
list of that Section’s nominees for the 1954 
election: 


Chairman Everett Miller 
Secretary- Treasurer George H. Gordon 
Managers (nominees ) 


William H. Deacy, Jr. 
Paul A. Kaufman 
Karl N. Macllvain 
Barton F. Perry 
Victor M. Salter 
Samuel L. Silverman 


Subsequent to the meeting, a report 
from Phil Caldwell, Pacific Coast Section 
Chairman, offered the following list of 
nominees: 

Chairman Philip G. Caldwell 

Secretary- Treasurer Edwin W. Templin 

Managers (nominees ) 
Harlan Baumbach 
E. E. Benham 
Lester H. Bowman 
Karl Freund 
Robert G. Hufford 


Notice of Annual Meeting 


Attention of all voting members of the 
Society, all members in the Active, Fellow 
and Honorary grades, is invited to this 
official notice that the Society’s annual 
meeting for 1954 will be held at 3:00 p.m. 
on Monday, October 18, at the Ambassa- 
dor Hotel in Los Angeles. The meeting 
will take place directly following ad- 


journment of the Get-Together Luncheon 


and immediately preceding the first tech- 
nical session. 

The main item on the agenda concerns 
a vote to accept or reject a proposal to 
increase the rates of dues for individual 
membership in the Society. 

As the opening paragraphs of the Board 
meeting report that immediately precedes 
this annual meeting notice indicate, the 
Board of Governors has given careful and 
extended attention to financial planning 
and to the conduct of the internal affairs 
of the Society. Continuing efforts to operate 
the Society with prudence and economy 
had, for some time, offset the gradual rise 
in costs of doing business. It is now appar- 
ent that two additional and specific meas- 
ures, one to distribute a portion of the 
administrative workload among the mem- 
bers themselves and the other to increase 
the Society’s annual income, have become 
necessary. ‘The first is being done. To 
accomplish the second, the Board has taken 
several steps among which is the proposal 
that the rates of individual membership 
dues in the grades of Associate, Active and 
Fellow, be increased effective with the 
calendar year 1955. ‘This seems to be the 
only feasible way for the Board of Governors 
to insure not only the continuous and ef- 
fective growth of SMPTE but that each 
Society member receives each year a full 
complement of the services that his organi- 
zation was created to provide. 

The Board proposes that dues for Fel- 
lows and Active members be increased 
from $15 to $18 per year, that dues for 
Associate members be increased from $10 
to $12 per year. There is no proposal at 
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Westrex Editer equipped for magnetic 
and photographic sound tracks. 3-3/4" 
x 5” translucent screen shows bright, 
clear picture. 


and more practical. 


EIG HTH 


e FINEST FILM EDITING MACHINE FOR STUDIOS EVERYWHERE 
¢ WINNER OF AN ACADEMY AWARD FOR SCIENTIFIC OR 


The basic Westrex Editer, for 
use with film strips—vertical 
film handling method —faster 


The Westrex Editer features “‘projection viewing” 
on wall or screen without disturbing the adjust- 
ments of the normal optical system. 


TECHNICAL ACHIEVEMENT 


Designed and engineered by the Westrex Hollywood 
Laboratories —in cooperation with leading studios — the 
new Westrex Editer is an advanced machine that meets 
every film editing need. 


The Westrex Editer can handle both standard and the 
new small-hole perforated 35mm films — film strips — 
motion picture films— magnetic or photographic sound 
films (single or multiple) —composite release prints—and 
for the first time it makes possible “projection viewing” 
of an enlarged image on a wall or screen without extra 
attachments. 


The Westrex Editer is quiet in operation— no inter- 
mittent, hence less noise and less film damage — speedy 
and efficient. Among its advanced features are simplified 
threading — automatic fast stop— synchronization while 
running—improved sound—lower flutter. 


The Westrex Editer—available in 35mm model — is 
the latest in a long line of notable Westrex contributions 
to the motion picture industry. A new illustrated folder 
that describes in detail its many technical and operating 
advantages is yours for the asking. 


deg YORK 11, 


HOLLYWOOD DIVISION. STREET. HOLLYWOOD. 


September 1954 Journal ofthe SMPTE Volume 63 


e Research, Distribution and Service for the Motion Picture Industry 

| 


» 


present for an increase of dues for student 
members. 

Since the rates of dues are defined under 
By-law IX, an amendment to that bylaw is 
required. The first essential step toward 
such an amendment was the resolution of 
the Board of Governors quoted in full 
above. The second essential step toward 
such an amendment is satisfied by publica- 
tion of this notice of the 1954 Annual Meet- 
ing and its purposes. 

The third step will be a “‘show-of-hands” 
vote by the voting members of the Society 
of whom a quorum must be present on 
whether to approve or disapprove the 
recommendation of the Board. 

The Bylaws provide that in the event a 
quorum (at the present time 120 voting 
members) is not present at that meeting, 
an affirmative vote of three-quarters of the 
entire membership of the Board of Govern- 
ors may make that proposal part of the By- 
laws. All members of the Board of Gov- 
ernors have been notified in writing that 
in the event a quorum c; the voting mem- 
bership is not present at the Annual Meet- 
ing, a special meeting of the Board of Gov- 
ernors will be called at noon on Tuesday, 
October 19.—B.N. 


The New Journal 


When the Board of Governors decided that 
advertising would be published in the 
Journal beginning in July, it was also de- 
creed that the Journal be in a new format 
to accommodate advertising plates of the 
standard 7 X 10 in. size. This change 
was practical not only for advertising but 
also for the Journal throughout, allowing 
the use of standard material in making up 
pages, standard lockup of forms for press 
and standard paper. 

Phe Journal is issued in the 8} X 11} in. 
size because that works out of a standard 
sheet of paper and allows maximum print- 
ing efficiency. This size is preferred by 
the Society’s printer who also produces 
Electrical Engineering and other journals in 
this size. 

Within the overall text page size of 7 X 
10 in., the type face, type size and column 
width have been repeated from the old 
Journal as the most practical choices for 
economy and readability. Another physi- 
cal aspect, the cover, was for this six 
months kept similar to the recent cover 
for the sake of continuing identity. 

And inside, too, as far as substance goes 
the policy is to keep the Journal the same, 
except for including advertisements. The 
technical papers are to be of the same type 
and will continue to be just as rigorously 
screened by the same Board of Editors. 
Each technical paper is to be paged in 
successive pages, without ‘“‘continued’s”’ 
into the back of the Journal. News, re- 
ports and reviews will appear throughout 
the advertising section. 

The new Journal carries 206% as many 
words per page as the previous format. 
This is the most efficient and economical 
format for the Journal up to this time. 

Changes in format and procedures, in 
the past five years, and tightening up on 
authors alterations and photoengraving 
costs have kept the overall Journal cost 
increase at 16% while unavoidable in- 
creases in printing and paper costs for all 


On a recent trip around the world, Dr. 
John G, Frayne, SMPTE Executive Vice- 
President, found evidence of Society activi- 
ties at almost every place he visited. Most 
notable, however, was Hong Kong where 
the dynamic Harry More, Westrex Hong 
Kong Branch Manager, with all four of 
SMPTE’s Hong Kong members, greeted 
him on arrival at the airport. Later our 
Executive Vice-President was the guest of 
Harry More and his SMPTE associates at a 
special Chinese dinner, Cantonese style. 
At a reception given for our peripatetic 
Vice-President, in which SMPTE and Wes- 
trex Corporation shared honors, the above 
picture shows Dr. Frayne along with the 
Hong Kong members. They are from left 
to right, William C. K. Hu, Managing 
Director of Wader Studio; John G. Frayne; 
Harry More, Westrex Hong Kong Branch 


publications of this kind have increased by 
35%. 

The present method of binding, along 
with the new format will yield considerable 
further gains in overall Journal efficiency. 

—V.A. 


Alex Quiroga, Senior Light Direction En- 
gineer at the Hollywood studios of the 
American Broadcasting Co., has been 
awarded the 1954-55 WAAM Television 
graduate fellowship at Johns Hopkins Uni- 
versity. The annual fellowship was estab- 
lished by the Baltimore television station 
WAAM at Johns Hopkins in 1952 to give a 
television professional man one year for 
special studies of value to his own develop- 
ment and to the industry. 

Mr. Quiroga, the third person to hold the 
fellowship, will spend his year working on 
color television at a graduate level in the 
departments of physics, psychology and 
astrophysics. Since joining ABC-TV in 
1949 as a cameramen, Mr. Quiroga has 
entered the field of research in video re- 
cording and created optical devices to im- 
prove the production values of TV pro- 
grams, including the “‘Quirogascope” for 
titling or rotating a scene by optical means 
during an actual telecast. 


Manager; Robert Chung, Eastman Kodak 
Co., Hong Kong; and Walter Wu, an ex- 
pert of film processing. Incidentally. 
Walter Wu spent about a year in Hollywood 
working in various film laboratories. Dr. 
Frayne’s trip by air continued with stops in 
India and Ceylon and generally throughout 
Europe to reach a peak tempo at Washing- 
ton, D.C., during the Society’s Spring Con- 
vention. He found an intense interest in 
SMPTE activity in India where there ap- 
pears to be a great thirst for technical 
knowledge and a great desire for many 
people to join the Society. There is no 
doubt that this organization is the leading 
one throughout the world in its field, and 
its Journal is regarded by all as having the 
last word on advances in the motion-picture 
and television arts. 


Book Reviews 


Flash! Ultra-High Speed 
Photography, 2d ed. 


By Harold E. Edgerton and James R. 
Killian, Jr. Published (1954) by Charles 
T. Branford Co., 551 Boylston St., Boston 
16. 215 pp. Profusely illus., incl. 3 color 
plates. 8} X 11 in. $6.50. 


Nearly everyone who has had anything 
to do with the ever-popular “‘Strobe-light”’ 
has at one time or another looked into 
Flash, long one of the best illustrated books 
showing what electronic flash can do in ex- 
pert hands. Now comes a second edition of 
this “picture” book pertaining to that 
branch of photography which uses the gas- 
discharge tube as a primary light source. 

One is impressed even overwhelmed, by 
the multitude of subject matter, ranging 
from color portraiture to graphic analysis of 
machine operations. As a very broad and 
general outline of possible uses of electronic 
flash, this book fulfills a basic need—that 
of popularization and education. It does 
not, however, offer much information to the 
technical worker in the field of photographic 
analysis. 
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PHOTO-SONICS INC. 
pa: 


7OMM-5A AIRCRAFT CAMERA 


Aperture Size 1.156 x 2.25 inches—400 ft. film capacity 
Film registration pins—60 frames per sec. 
150 watt heater —24 volt motor 


70MM-10A CAMERA 


Aperture Size 2.25 x 2.25 inches 
Film registration pins 

60 frames per second 

110 volt synchronous motor 
Film load—1000 or 400 ft. mag. 


Actual frame size 70mm-10A showing 
photograph of film movement 


Additional information on request 


PHOTO-SONICS INCORPORATED 
2704 West Olive Avenue, Burbank, California 
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Install the” 


Multiplexed arrangement of two 16mm CineScanner film 
units and automatic dual slide changer for four program 
sources in color, 


¢ 


GineScanner— superior for monochrome 
_ +++ the only practical method for color! 


ORATION. 


4 


i This Philco 16mm CineScanner and its 
finest film reproduction in either 
: 
¥ ; i 
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i. and enjoy modern film telecasting! 


® Smooth, Silent Operation — No Flutter 
@® Preview of all Program Sources 


® Color and Monochrome, 
16MM and 35MM Models 


Once you've seen CineScanner operate—witnessed the clear, 
steady pictures and observed the smooth, silent performance— 
you will agree it’s the only way to televise film—in mono- 
chrome or color! 

‘ne There are good technical reasons why: The Philco CineScanner 

if employs flying-spot scanning, a technique never equaled in 

producing high definition pictures. In CineScanner, there’s no 
hot projection lamp to fail or burn the film. Only source of light 
is a long life, cathode-ray tube with dependable “‘cold”’ light 

; harmless to film. CineScanner employs a special continuous- 

ies motion film transport mechanism designed by Philco and built 

; by the Mitchell Camera Corporation of Hollywood . . . no noisy, 

film-damaging intermittents in the CineScanner! Most impor- 

tant of all to color Broadcasters, CineScanner uses economical 
photo tubes instead of expensive camera tubes. . . and thereare 
no color registration problems in CineScanner! 

With the Philco CineScanner, you can start today in mono- 
oe chrome, convert tomorrow to color—with no obsolescence of 
equipment! Get full technical data on this new and greatly 
improved method of televising films and slides. Contact Philco, 
Dept. SE today. 


Interior view of the film unit showing precision film 
transport mechanism, sound head and the simplicity of 
the optical system. 


Simplified diagram showing the L- Ny 

basic principles of CineScanner V P co 
operation. 


Canada: Philco Corporation of Don Mills, Ontario. 
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The second edition of Flash differs from 
the original in several respects. Some new 
pictures have been added, including three 
examples of color photography. A new 
technical section has been included. This 
section is very good, but does not suffice for 
the engineer, while it is probably too ad- 
vanced and specialized for many pictorial 
photographers. There are _ interesting 
chapters on the assessment of flashtube 
characteristics, as well as the design of elec- 
tronic flash equipment. A_ bibliography 
and a list of equipment manufacturers has 
been included. 

The entire volume has been printed on 
coated stock. Reproduction and printing 
is generally good considering the difficult 
subject matter. Some pictures, however, 


show defects particularly in heavily inked 
areas.—Kenneth Morgan, Research Labo- 
ratories, Interchemical Corp., 432 W. 45 
St., New York 36. 


L’Arc Electrique Intensif 


By Dr. Jean Parisot. Published (1950) by 
Gauthiers-Villars, Quai des Grands-Augus- 
tins 55, Paris (6). II X 116 pp. 48 figures 
and plates incl. 6 tables: 9 X 11 in. Price 
$3.56. 

The author is head of the research 
laboratory of “La Société Carbone- 
Lorraine” and much of his material is taken 
from their hitherto unpublished work. He 
first traces the historical development of the 
high-intensity arc from the earlier flame 


PALISADES 
PARK 


Hunt Chemicals for both 
color and black and white motion picture processing 
conform to the photographic specifications 
of the American Standards Association. 


FOR RESEARCH ASSISTANCE WRITE TO: 
THOMAS T. HILL, Director Photographic Research 


FOR TECHNICAL SERVICE WRITE TO: 
CHARLES F. LO BALBO, Motion Picture Technical Advisor 


Established 1909 


PHILIP A. HUNT COMPANY 


Manufacturing Chemists PALISADES PARK, N. 5. 
Brooklyn, N. Y. + Cambridge, Mass. + Chicago, Ill. ye 
; : Cleveland, Ohio + Dallas, Tex. » Los Angeles, Calif. > 


and projector carbons, emphasizing its dis- 
tinguishing features. A short section on 
materials and methods of carbon manufac- 
ture is included, together with a rather de- 
tailed description of lamp operation with 
several different types of high-intensity car- 
bons. 

A section on light measurement describes 
in considerable detail the procedures used 
in his laboratory for measuring light out- 
put, including brightness distribution over 
the crater surface and spectral-energy dis- 
tribution of the light. Typical curves of 
both are included. 

The processes going on at the positive 
and negative electrodes while the arc is 
operating are analyzed, emphasizing the 
fact that light intensity is determined by the 
positive carbon, while the negative carbon 
can affect steadiness. The discussion of the 
effects of carbon composition on_per- 
formance includes a chapter on the use of 
substances other than the cerium rare 
earths as flame materials or ‘“mineral- 
izants.”” This knowledge permitted France 
to keep its motion-picture theaters in opera- 
tion when the country was deprived of rare 
earths during the German occupation. 

A review of the theories proposed in 
order to account for the high brightness ob- 
tainable from this source leads the author to 
conclude that the subject calls for consider- 
ably more work. 

The book can be recommended as com- 
bining in one volume the practical and 
theoretical aspects of operation of the high- 
intensity arc. Its principal weakness is in- 
adequate treatment of means for increasing 
crater brightness.—C. FE. Greider, National 
| Carbon Research Laboratories, P.O. Box 
Cleveland 1. 


PRECISION 


RE-RECORDING 


16 MM. OPTICAL/MAGNETIC 


NOW — get top-notch service on all 
types of sound transfer! Magnetic tape 
to film optical track or reverse — syne 
or non-syne. Any type of re-recording 
now can be handled to meet PRECISION 
standards. 

All the skills of MAURER sound 
and professional 16mm. motion picture 
equipment and engineering — combined 
with the finest in film laboratory proc- 
essing for which PRECISION is famous! 
Take advantage of this unbeatable com- 
bination! Let PRECISION fill your re- 


FILM LABORATORIES, INC. 
|21WEST 461 ST., NEW YORK S6,N.Y. 


A of 
| J. A. Maurer, inc. 
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Peerless 
Services 
include: 


Peerless Protective and 
Preservative Film 
Treatments 

Release Prints, Trailers, 
Television Shows on Film, 
Kinescopes, TV Commercials, 
Theatre Screen Advertising, 
Prints for Continuous Projection 
Negatives, Masters, Originals, 
Filmstrips, Transporency Slides, 
Microfilm 


Film Rejuvenation 


Shrinkage Reduction 
Scratch Removal 
Rehumidification 

Cleaning and Repairs 


Film Library Servicing 
Shipments, Inspection, 
Cleaning, Repairs, Inventory 
and Booking Records, Storage 


Servicing TV Shows on Film 


Insertion of Commercials, Shipments 
to Stations, Booking Records, 
Follow-up, Inspection on Return, 
Cleaning, Repairs, Replacements, 
Storage, Substitution of 
Commercials, Reshipments 


Film Distribution Servicing 


Storage pending orders, 
Inventory Records, 
Shipments to Purchasers 


Filmstrip Packaging 


Breakdown of rolls into strips, 
Packaging in cans, Labelirg, 
Boxing of Sets, Storage 
pending orders, Shipments 
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Canada: Philco Corporation of Canada Limited, Don Mills, Ontario 


A Message of interest to: 


Motion Picture Producers, 
Distributors, Advertising Agencies, 
Sponsors, Film Libraries, 


Without exception, 

ALL film should be treated, if 

you are to get maximum results in ly 
terms of good projection and number of 

showings. Without treatment, your film— 

from initial release to the last booking—is much 

more susceptible to damage. And damaged film 

can result in an indifferent audience. 


Peerless Treatment is only one of the services we offer 

to users of film. But we feel it is the most important, 
because its objective is to start prints off right and 

keep them in good condition longer. It is the finishing 
touch and the least expensive item in the whole process of 
picture-making. Yet it safeguards millions of dollars 
invested in film. When you order prints, don’t 

forget to include ‘PEERLESS TREATMENT” in 

your purchase order. 


And, if you have film that has become “‘hurt”’ or “‘tired”’ 
—scratched, edge-nicked, brittle, warped, or just 

dirty and oily, call on Peerless service to salvage it— 

not only your prints, but also your negatives and originals, 


EERLESS 


FILM PROCESSING CORPORATION 


165 WEST 46th STREET, NEW YORK 36, N. Y. 
959 SEWARD STREET, HOLLYWOOD 38, CALIF. 


20 YEARS EXPERIENCE IN SAFEGUARDING FILM 


PEERLESS TREATMENT available also through Official Licensees in 
CHICAGO DALLAS DAYTON DETROIT HOLLYWOOD KANSAS CITY 
NEW YORK PORTLAND» SAN FRANCISCO ST. PAUL 
Berne Brussels © London and Denham Mexico City Sydney The Hague © Toronto” 
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ADVANCE PROGRAM 


The advance notice, with hotel reservation 
form, was mailed to the membership on 
September 1. The Advance Program below 
is the last advice about the Convention — 
until registrants get their Final Programs 
at the Registration Desk. 


SMPTE 76th Convention 
October 18-22 — Los Angeles 


Convention Exhibit of industry equip- 
ment is in The Ambassador, as are the 
technical sessions and entertainment 
events, unless otherwise noted. 


SUNDAY OCTOBER 17 

Registration for the Convention will be 
opened in the afternoon in the Am- 
bassador Hotel Lobby. 


MONDAY OCTOBER 18 


9:30 A.M. Registration, Ambassador 
Hotel Lobby 


12:30 P.M. Get-Together Luncheon, 
The Cocoanut Grove; Guest Speaker 


3:00 P.M. Annual Business Meeting of 
the Society 


3:30P.M. Color Television, Ambassador 
Theatre 


Recording ‘Color Television Signals 
E. DUDLEY GOODALE, National Broadcasting 
Company, New York 

This paper will describe a method of recording 
color television signals utilizing standard motion- 
picture color films. A brief description of the 
equipment and techniques employed in con- 
junction with experimental recordings at NBC 
will be given together with a short demonstra- 
tion reel of the results obtained to date. 


Multi-Channel Television Relay Station 
GEORGE R. SUTHERLEN, U.S. Naval 
Ordnance Test Station, China Lake, Calif. 

Completely described are all aspects of the 
authorization, selection of site, building, power, 
selection of equipments and the operation of the 
7-channel television relay station on Laurel 
Mountain, Calif. Described is the technique 
which all 7 Mount Wilson television signals are 
relayed from the top of Laurel Mountain to 
Indian Wells Valley and a population of 15,000 
people. 


Test Instruments for Color Television Broad- 
casting 
JOHN W. MILLION, Jr., and ROBERT K. 
HUNSICKER, Wickes Engineering and Con- 
struction Co., Camden, N. J. 
Test instruments for broadcast use, such as the 
Amplitude Linearity Tester, the Multi-Burst 
Generator, the Vector Display Equipment and 
the Envelope Delay Tracer, have come into 
their own as a result of color television. The 
evolution of these instruments and their applica- 
tion in making amplitude, linearity, frequency 
and phase response tests of studio, distribution 
and transmitting equipment will be discussed in 
this paper. Special emphasis is placed on the 
“monitor” types of equipment that enable the 
operating personnel to make rapid checks of 
equipment performance, rather than on the 
“laboratory” or “‘measurement” types, which 
usually require a higher degree of operational 
skill and more time than is available. 


8:15 P.M. Color Television Session. 
CBS Television City. Description and 
Tour, Including Color-Film Reproduc- 
ing Equipment. 


TUESDAY OCTOBER 19 


9:30 A.M. Field Trip to NBC Television 
Studios 

2:00 P.M. Television Session, Ambassa- 
dor Theatre 


A Short History of Television Recording 
ALBERT ABRAMSON, CBS Television Tech- 
mician, Hollywood, Calif. 
This brief survey of the development of tele- 
vision recording since 1927 covers the evolution 
of the three basic television recording processes: 
stylus, magnetic and photographic. The film 
recording systems used in the United States and 
Great Britain are briefly described. The in- 
troduction of television recordings made on 
magnetic material in both monochrome and 
color is noted. The paper concludes with a 
short resume on the new art of electronic motion 
pictures produced with television cameras and 
recording facilities. 
Equipment for Evaluating Lenses of Television 
Systems 
E. HUTTO, Jr., Engineering Products Div., Radio 
Corp. of America, Camden, N. J. 
A lens bench has been developed incorporating a 
nodal slide and a flat field indicator which per- 
mits the rapid determination of the square wave 
flux of a lens both on and off axis. A syn- 
chronously driven test object is used, and a plot 
of response versus line number is presented on an 
oscilloscope. Lenses up to 24 in. in focal length 
and 3] in. in diameter may be tested. 


Continuous Projector Problems 
O. WITTEL and D. HAEFELE, Eastman 
Kodak Co., Rochester, N.Y. 

The problems of getting good vertical image 
steadiness in a continuous projector for television 
of the type which uses an optical compensator 
consisting of rotating and tilting mirrors are de- 
scribed. 


A 16mm Projector for Operation with a Tele- 
vision Film Chain on a Partial Storage Basis 
EDWIN C. FRITTS, Camera Works, Eastman 
Kodak Co., Rochester, N.Y. 
The modification of a projector in current use 
with full-storage operation into an iconoscope is 
described. An accelerating quill rotating at 
720 rpm, intermediate between an 1800 rpm 
motor and the intermittent sprocket, provides 
the change in phasing to place all pulldown ac- 
tion in the same position in the television fields 
Linkage between the motor and quill and the 
quill and intermittent are timing belts. The 
design is such that change of present equipment 
may easily be made in the field. 


8:00 P.M. Color Television Session, 
Academy Award Theatre 


Color Film Equipment 
A. C. LUTHER, Radio Corp. of America, Camden 


Color Television Projection Equipment 
L. L. EVANS, Radio Corp. of America, Camden, N.J. 


Large-screen color television has been demon- 
strated several times and commercial equipment 
is available. Various problems of colorimetry, 
optics and electronics have been overcome and 
the resultant picture is adequate for theater 
use. The technical features of the equipment 
are outlined as well as application information. 
The projector described will produce a picture 
15 ft by 20 ft with good highlight brightness. 
It operates on the standards formulated by the 
National Television System Committee which 
have been adopted for general use by the FCC. 
Some Laboratory Procedures in Preparing 
Television Prints in Black-and-white and 
Color from Eastman Color Negative 
SIDNEY P. SOLOW and EDWARD H. 


REICHARD, Consolidated Film Industries, 


Hollywood, Calif. 

Many telefilm producers are preparing for color 
television broadcasting by shooting in 35mm 
Eastman color, releasing for current requirements 
in 35mm and 16mm black-and-white, and storing 
the color original for future use. Various basic 
laboratory techniques for making panchromatic 
black-and-white prints for projection and du- 
plication are described. Methods are detailed 
for incorporating lap dissolves and fades without 
additional dupe generations in both black-and- 
white and color versions. Shown also are alter- 
native paths for arriving at 16mm color release 
prints including utilization of the new East- 
man color 16mm color positive material. 


WEDNESDAY OCTOBER 20 


10:00 A.M. Magnetic Sound for Tele- 
vision Films, Ambassador Theatre 


Discussion of the factors pertinent to ob- 
taining magnetic-stripe soundtracks on 
television films, both 16 mm and 35 mm. 


2:00 P.M. Magnetic Recording Session, 
Ambassador Theatre 


An Electronic Comparator for the Automatic 
Inspection of Magnetic Sound Prints 
JEROME W. STAFFORD, Sound Dept., Metro- 
Goldwyn-Mayer Pictures, Culver City, Calif. 
This paper describes an electronic system for 
comparing magnetic sound prints with the master 
track during the printing operation. In the re- 
lease printing of CinemaScope pictures the 
comparator is a useful tool for the automatic in- 
spection of the product. 


Magnetic Head Wear Investigation 
M. RETTINGER, Radio Corp. of America, Holly- 
wood, Calif. 

For a given film and film wrap angle, magnetic 
head life is proportional to the film pressure on 
the head produced by the film tension, the 
square root of the core radius, the 3/2 power of 
the pole face depth, the core width, and, in some 
undetermined manner, the core hardness. More 
briefly, one may say that (for a constant film 
and film wrap angle) head life is proportional 
to the film pressure, volume of removable core 
material, and core hardness. 


A Moving Coil Feedback Disk Recorder 

C. C. DAVIS, Westrex Corp., Hollywood, Calif. 
The distinctive feature of this recorder is the 
application of corrective feedback originating 
in the actual stylus driving mechanism. Thus, 
the motion of the stylus is accurately controlled, 
irrespective of recording conditions, over a wide 
range of amplitudes and frequencies. The 
latest improvements are described and include a 
simple method of applying heat to the stylus 
and the use of tapered shank styli to facilitate 
their replacement. 


Report of Magnetic Recording Subcommittee 


ELLIS W. D’ARCY, Chairman, Fillis W. 
D'Arcy & Associates, Chicago 


Perceptibility of Flutter in Speech and Music 
FRANK A. COMERCI, Material Laboratory, 
Bureau of Ships, New York Naval Shipyard, 
Brooklyn, N.Y. 
The results of subjective rankings of various 
speech and music selections containing various 
amounts and types of flutter are presented. 
These rankings are compared to the type of 
flutter and the results of flutter measurements 
using peak and rms indications and various 
flutter rate weighting networks. The com- 
parisons show that a meter using an rms indicat- 
ing device and a flutter rate weighting network 
will provide flutter measurements which are 
directly related to the obnoxious quality that 
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Take-up reels 
Feed reels 


Splicing elevator 
(40 seconds capacity) 


Exhaust fan motor 
(1800 cfm) 
Feed bottles with 
bottom screw vents 
Drying air thermometer 
Micrometer stripe adjustments 
Binocular microscope 
Sapphire shoes beneath 
Precision striping heads 
Splicing block 
Air heaters 
295’ leader 
High temperature drying 
chamber (4 minutes) 
Removable partition 
facilitates threading 
Low temperature drying 
chamber (2 minutes) 
Sliding glass doors 


How the New 16-mm Magna-Striper 
applies Soundcraft Magnetic Oxide in 
three widths for three different pur- 
Poses. 
25-Mil. MAGNA-STRIPE for 
double-perforated silent film 
50-Mil. MAGNA-STRIPE (or both 
magnetic and photographic sound 
100-Mil. MAGNA-STRIPE for 
all-magnetic-sound track 


NOW! “Oscar” Winning SOUNDCRAFT Magna-Striper 
Available in New 16-mm Model! 


HERE AT LAST is the answer to the de- 
mand for local striping service to pro- 
vide true hi-fidelity 16-mm magnetic 
sound 


every major Hollywood producer 
of CinemaScope has used to 
process stereophonic sound re- 
lease prints. 


..-an entirely self-contained, 
semi-portable, one-man operated 
magnetic oxide striping machine, 
identical in every vital feature to 
the now famous 35-mm Sound- 
craft Magna-Striper which won 
the coveted 1953 Academy of 
Motion Picture Arts and Sciences 
Award. 

... the same fine Soundcraft en- 
gineering and construction that 


With ease and precision this new 
equipment quickly applies two stripes 
of Soundcraft’s perfected magnetic 
oxide to any 16-mm film... black and 
white or color, single or double per- 
foration. Jeweled bearing shoes (Item 
9 above) assure precision striping 
even with old, warped or distorted 
film . . .even when spliced and spliced 
and spliced! All wiring is explosion 
proof. 


Write today for complete franchise 
information and full technical details 
about how you, too, can build a highly 
profitable business with this revolu- 
tionary new Model Z 16-mm Sound- 
craft Magna-Striper! 


For Every Sound Reason 


REEVES 


SOUNDCRAFT 


CORP. 
10 East 52nd St., New York 22, N. Y. 
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the flutter imparts to music and speech. (This 
paper’s presentation is subject to clearance by 
the Navy Dept.) 


Development of a Method for Measuring the 
Magnetic Strength Existing on 16mm 
Magnetic Soundtrack 


be a practical method for determining the 
surface induction recorded on presently available 
commercial 1}-in. magnetic tapes, independent 
of the tape characteristics and the depth of 
penetration of the recorded signal. (This 
paper’s presentation is subject to clearance by 


10:00 A.M. Motion-Picture Equipment 
Session, Ambassador Theatre 

A New Studio Zoomar for 35mm Motion 
Picture Work 

FRANK G. BACK, Zoomar, Inc., Glen Cove, 


the Navy Dept.) 
6:45 P.M. Cocktail Hour 


8:00 P.M. Semiannual Banquet and 
Dance, Embassy Room (Informal, dress 
optional ) 


ROBERT SCHWARTZ, SHELDON 
WILPON and ROBERT A. COMERCI, 
Material Laboratory, Bureau of Ships, New York 
Naval Shipyard, Brooklyn, N.Y. 


The Material Laboratory is in the process of 
developing a method for measuring the magnetic 
strength existing on 16mm magnetic soundtrack 
by utilizing a nonmagnetic loop for the determi- 
nation of the absolute surface induction at 400 
for “pegging” the relative surface 
induction vs. frequency characteristic obtained 
by the “short gap” or other approved method. 
This paper shows that this method was found to 


PRECISION 


“Selective Printing 


For Every Scene” 


THURSDAY OCTOBER 21-—-CONCUR- 
RENT SESSIONS 

9:30 A.M. High-Speed Photography 
Field Trip to Moody Institute of Sci- 
ence 


cycles /sec 


Only intelligence and skill can be depended on to select 
a timing value for correct printing. That’s why a perfect 
print is a collection of scenes, each expertly timed. 


Your Assurance 
of Superior Prints 


16 Years of Research and Specialization — in every phase 
of processing — visual and aural — assure finest results. 


Advanced Methods — constant checking and adoption of 
up-to-the-minute techniques — plus new engineering prin- 
ciples and special machinery provide unequalled service. 


Purveyors of 
Test Film Prints 


The industry test prints by which performance is measured 


Es. 
NEW YORK 36, 


1 
21 WEST 46TH STREET, 

A DIVISION OF J. A. MAURER, INC. 


N C 
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N.Y. 

A new Zoomar lens, especially designed for 35mm 
motion picture work, will be demonstrated. 
It has a focal range from 40 mm to 120 mm and a 
speed of f/4. Compared to the old Zoomar-35 
it is light (6 lb) and only 7} in. long including a 
coupled, wide-vision viewfinder. This 
finder is without eyepiece or peephole and there- 
fore does not restrict the head movements of the 
cameraman. Performance of the new lens is so 
much better than that of the old Zoomar-35 
that, even when wide open, its image quality 
comes very close to that of a good standard 35mm 
motion picture lens. 


view- 


CinemaScope Camera Lenses 


JOHN D. HAYES, Bausch @ Lomb Optical Co., 
Rochester, N.Y. 


The wide acceptance by the motien picture 
industry of the CinemaScope process of motion 
picture presentation created a pressing need 
for camera taking lenses of a variety of focal 
lengths. Described are the optical and me- 
chanical aspects of the development of a series of 
lenses designed specifically to provide this 
needed choice. 


An Exploration of New Methods for Splicing 
Film 

D. C. CHAMBERS and W. R. HOLM, Photo 
Products Dept., E. 1. Du Pont de Nemours, Parlin, 
N.J. 


2:00 P.M. High-Speed Photography 
Colonial Room 


Panel discussion of the program presented 
at the 2d International Symposium on 
High-Speed Photography held in Paris. 


2:00 P.M. Motion-Picture Screens, Am- 

bassador Theatre 

A New Method of Describing and Measuring 
the Granularity of Photographic Materials 


R. CLARK JONES, Polarotd Corp., Cambridge, 
Mass. 


The new method employs a two-dimensional 
noise spectrum that is analogous to the one-di- 
mensional noise spectrum used to describe 
the frequency distribution of electrical noise. 
The two-dimensional noise spectrum describes 
the size distribution of the density fluctuations 
that constitute the granularity. It is urged 
that the noise spectrum is the best way to de- 
scribe granularity. The noise spectrum of 
Super-XX film will be shown as an example. 


Consideration of Improvements in Condensing 
Systems for 35mm Projection 
R. M. ALTMAN, A. E. NEUMER and H. H. 
SCHROEDER, Bausch & Lomb Optical Co., 
Rochester, N.Y. 
In order to take full advantage of the new //1.8 
high-speed projection lenses, faster condensing 
systems than those now available are required. 
The design considerations of such systems are dis- 
cussed and experimental data is given. The 
increase in screen illumination afforded by these 
new condensers is accompanied by greater 
energy at the film gate necessitating more ef- 
ficient heat control techniques. Optical de- 
vices for achieving this are described. 


CinemaScope in Drive-in Theatres 


RALPH H. HEACOCK, Radto Corp. of America, 
Camden, N.J. 
CinemaScope (or any of the other wide-screen, 
multiple-channel sound, new techniques) pre- 
sents three important problems to the drive-in 
theater. The first is a very wide screen. The 
* second is a suitable light source which can pro- 
vide enough light to illuminate the wide screen 
acceptably. The third is the possible use of 
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The Arriflex 16 is the most 
advanced camera in the 16mm 
field. No comparison can be 


made with any existing 
equipment. it is in a class by 
itself... unique for its features, 


and outstanding for its 


workmanship. 


THESE ARE THE SENSATIONAL FEATURES OF THE ARRIFLEX 16 


raming and Critical follow- 
focus, through the taking lens, even during the 
actual shooting. Image on ground glass is brilkiant, 
uninverted and right-side-up, magnified 10x through 
a highly corrected optical system. No parallax, and 
no need for accessory finders. 


Found only in cameras selling 
ae TION for $3000 or more. Automati- 


Cally engages and locks film 
during exposure. Assures absolute frame registra- 
tion, and picture steadiness. 


FOOTAGE & 


filming. 


OTHER ARRIFLEX PRO 
FRAME COUNTERS — for for- 
tion. 

ward and reverse ac 
TACHOMETER — indicates speeds from 1 


to 50 frames-per-second. 
DETACHABLE NECKSTRAP — for 


LIGHTWEIGHT camera with Matte Box 
weighs only 7 pounds. 


ELECTRIC No = to a 

wind a spring. Has variable- 
MOTOR DRIVE speed 6-volt DC motor with 
forward and reverse switch. Operates from portable, 
rechargeable battery pack, dry cell batteries, or 
with Transformer-Rectifier Unit on 115 volts AC. 
Easily interchangeable with Synchronous Motor Unit 
(available as accessory). 


DIVERGENT Accommodates lenses from 

' 11.5mm extreme wide angle 

S-LENS TURRET to longest telephotos. Lenses 

quickly interchangeable. Wide angle and 300mm 

telephoto can be mounted simultaneously without 
mechanical or optical interference. 


FESSIONAL FEATURES 


FILM CAPACITY — 50 
ard daylight spools. 
400-F INE — accommo 

ine. (This accessory 


gaz 
will be available at a later date. 


and 100-foot stand- 


OLDER 
MATTE BOX-FILTER 
firm grip for handheld shooting, — ae filters, polarizing filters 
a 


dissolves, and other effects. 


ve —for eith 
SPROCKET DRI 
sound-perforated film. 


The Only 16mm Camera with ° 
MIRROR REFLEX SHUTTER | — 
for Continuous Thru-the-LenS | 
| Focusing and Viewins- 
SE. 
= 


multiple-channel sound. These problems and 

their practical application to currently operating 

drive-in theaters are briefly discussed. 

An Improved High-Brightness Screen for 
Drive-in Theaters 

PETRO VLAHOS, Motion Picture Research 
Council, Hollywood, Calif. 


Chromaticity Characteristics of Theater 
Screens 
PAUL ZEFF and JOHN P. LIVADARY, 


Columbia Pictures Corp., Hollywood, Calif. 
Spatial Sound Effects 
J. E. VOLKMANN, Radio Corp. of America 
Camden, N./. 


8:00 P.M. Wide-Screen Processes, Para- 
mount Studio Theatre 


An analysis of the factors controlling image 
quality in wide-screen processes. 


FRIDAY OCTOBER 22—-CONCUR- 
RENT SESSIONS MORNING AND 
AFTERNOON 


10:00 High-Speed Photography, Am- 
bassador Theatre 

Simple Electronic Timing Device for High- 
Speed Photography 

WEBSTER BLAKE, Douglas Aircraft Co., Inc., 
Santa Monica, Calif. 

A single-pulse simple timing system, to be used 

in motion picture cameras in the range of 200 

to 2000 frames/sec, is discussed. One milli- 

second resolution is obtained with one neon 

glow lamp. Application to cameras used in 

special aircraft installations will be discussed. 


A Tracking Twin Telescope Mount 


G. A. ECONOMOU, Sandia Corp., 
N.M. 


Albuquerque, 
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A Navy twin 40mm hydraulic gun mount has 
been converted to a tracking telescope mount 
carrying two 12-in. diameter telescopes and two 
short focal-length lenses. A radar refocusing 
system and a thermal expansion correction sys- 
tem have been developed to maintain focus over 
varying slant ranges and temperatures. The 
tracking operator has a radar acquisition aid 
and a bipower sight for acquiring and tracking 
ballistic objects. 
High-Speed Motion Pictures And Sequence 
Photographs of the Same Event 
FRED A. METLEN, Seattle, Wash. 
Photographic recording of model bomb drop 
tests in a wind tunnel. 
10:00 A.M. General Motion-Picture 
Photography, Ambassador Theatre 
A review is given of the status of motion-picture 
films for amateur use prior to 1923. Up to that 
date lack of standardization of film size, the 
use of the negative-positive method, and cost 
of apparatus and printing held back extensive 
use of film for amateur motion pictures. Re- 
search in the manufacture of safety acetate film 
support was started by Eastman Kodak Com- 
pany in 1906-07 and limited quantities of film 
were manufactured and sold between 1912 and 
1923. Film on safety acetate base, a funda- 
mental requirement for home movies, was in- 
troduced in 1912 for a portable projector made 
by Thomas A. Edison, Inc., and also for equip- 
ment made by Pathe Freres, a French firm. 
Research on film for amateur motion pictures 
was started in 1914 by Eastman Kodak Co. 
Subsequent developments of 16mm film, in- 
cluding processing and the use of sound, and the 
history of 8mm reversal film, are presented. 
Early History of Amateur Motion-Picture Film 
GLENN E. MATTHEWS and RAIFE G. 
TARKINGTON, Eastman Kodak Co., Roch- 
ester, N.Y. 


Shrinkage Behavior of Motion-Picture Film 
Cc. R. FORDYCE, J. M. CALHOUN, and 

E. E. MOYER, Manufacturing Experiments 

Div., Eastman Kodak Co., Rochester, N.Y. 
Shrinkage characteristics of both 35mm and 
16mm films manufactured by the Eastman 
Kodak Co. have been evaluated by laboratory 
measurements and by examination of film in 
commercial use. Results of these investigations 
will be presented. 


A Light Meter for Printer Control 


A. J. SANT, M. C. GODDARD, and O. E. 
MILLER, Color Technology Div., Eastman 
Kodak Co., Rochester, N.Y. 

Because of the increased need for the control of 

motion picture printers used for printing color 

films, a simple barrier cell type of light meter was 
designed for use on release printers. The meter 
has very good stability and linearity of response. 

Its sensitivity is very adequate for the intensity 

levels encountered in release printers. The 

probe unit contains a filter magazine that per- 
mits rapid reading through red, green and blue 
filters. It was designed to give photocell re- 
sponses which closely approximate the responses 
of three sensitive layers of Eastman Color Print 
Safety Film, Type 5382. 


A System for Automatic Additive Printing and 
Scene Testing of Color Film 


FRANK P. HERRNFELD, Frank Herrnfeld 
Engineering Corp., Culver City, Calif. 

A system for additive printing of positive color 
release film is described. The system con- 
sists of an additive scene tester, a conversion of a 
Model D Bell & Howell! Printer, and a control 
system which makes the modified printer com- 
pletely automatic. The paper treats additive 
printing only, no attempt being made to com- 
pare additive printing to other systems. 


contig’ sPRay PROCESSOR for. 


Tom, 35mm, or 70mm film 
at 50 feet a minute >k 


large emersion tanks . fa amous 
No-heat drying. Devel 
Fisher Company, We pioneers in 


and manufactured by 


OSCAR FISHER COMPANY, 


North Division Street 


zh. 
economies and top quality production with Fisher 
» Practical, unitized construction permits the addition 
2K 16 mm film only. ft. per minute 
35 mm film only. ft per minute! 
| hie i 
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“CINE-VOICE” ““AURICON-PRO”’ “SUPER 1200” 
16mm Optical Sound-On-Film Camera. 100-ft. film 16mm Optical Sound-On-Film Camera, for black 16mm Sound-On-Film Camera. 1200-ft. film capacity 
capacity for 2% minutes of recording; 6-volt DC & white or color filming. 200-ft. film capacity for for 33 minutes of recording. $4652.15 (and up) 
a Converter or 115-Volt AC operation. $695 (and up). 5% minutes of recording. $1310.00 (and up). complete for ‘‘High-Fidelity” Talking Pictures. 
Auricon Cameras are now in use by Television Networks, Film Studios, Newsreels All Auricon equipment is sold with a 30 day 
and Educational Producers, for filming quality pictures in natural color or money-back guarantee. You must be satisfied! 
black & white. Come in for a demonstration or write for free Catalog. Write today for free illustrated Auricon Catalog. 


The new Hollywood home of Auricon is a completely modern plant, designed 


and equipped to serve you better. New engineering, manufacturing and test 
facilities assure you of the latest and finest in precision 16mm Motion-Picture 
Cameras. World-wide acceptance and enthusiastic approval of Auricon Equipment , 
makes this new plant possible. 6946 Romaine Street, Hollywood 38, Calif. 


| 
508 
fies the New Hollywood Home of 
J 
Mf 
Cll 
Y 16mm Sound-On-Film Cameras! 
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2:00 P.M. High-Speed Photography, 
Colonial Room 


Recording and Assessment of Telemetered 
Data 

RODERICK M. McCLUNG, U.S. N.O.T.Ss 
China Lake, Calif 


A method for recording telemetered data on 
35mm film and then reading this data by photo- 
electric methods is discussed. 


2:00 P.M. Color Film Sensitometry, 
Ambassador Theatre 


Sensitometers for Color Films 
©. E. MILLER, Color Technology Div., Eastman 
Kodak Co., Rochester, N.Y. 

Because of the complexity of color films and 
processes and the additional quality attributes 
that must be kept under control, sensitometric 
test exposures must be of high precision. Ex- 
posure conditions should closely simulate the 
conditions under which the films are used. 
The chief characteristics that must be controlled 
are the light intensity, the spectral energy dis- 
tribution, and the exposure time. Control of a 
sensitometer is best accomplished by controliing 
its separate components, the light source, the 
filters and the timing mechanism. In addition 
to primary calibration, overall characteristics 
may be checked frequently by physical photom- 
etry or by photographic comparisons with a 
standard 


Color Densitometers: Performance Character- 
istics 

W. L. BREWER and S. A. POWERS, Color 
Technology Div., Eastman Kodak Co., Rochester, 

Color densitometers in motion picture film proc- 

essing laboratories are used for film processing 


control, printer control, print film evaluation in 
terms of its visual characteristics, and negative or 
intermediate film evaluation in terms of its 
printing characteristics. Characteristics of a 
color densitometer which are of interest in con- 
sidering its suitability for these various applica- 
tions include density range, measuring geometry, 
stability, linearity, precision and accuracy. 
Methods for evaluating each of these performance 
characteristics are described. 


Color Densitometers: Control Methods 
M. C. GODDARD and S. A. POWERS, Color 
Technology Div., Eastman Kodak Co., Rochester, 
N.Y. 
Color densitometers, used for process control 
and film evaluation, must be controlled if they 
are to perform satisfactoriry. Characteristics 
to be controlled include spectral sensitivity, 
measuring geometry, stability, linearity, preci- 
sion and accuracy. Routine adjustments pro- 
vide part of this control. Checks through film 
strips or filters furnish control data. Control 
materials must be calibrated. The control 
data may be plotted on control charts, or a single, 
statistical “‘go-no-go”’ gauge may be devised. 


Densitometers for Control of Color Motion- 
Picture Film Processing 


JOHN G. FRAYNE and J. H. JACOBS, HWestrex 
Corp., Hollyu ood, Calif. 
The widespread use of negative and positive 
color films now available to the motion picture 
industry has introduced new, more complicated 
and more exacting control requirements in the 
film-processing laboratories. In step with this 
trend, two new densitometers have been de- 
veloped. One instrument is intended to pro- 
vide precise control of the new color picture 
processes, while the other provides diffuse den- 


Professional Services 


ELLIS W. D’ARCY & ASSOCIATES 
Consulting and Develop t Engi 
Xenon-Arc Applications 
Motion-Picture Projection 
Magnetic Recording and Reproduction 
7045 N. Osceola Ave., Chicago 


Phone: Chicago — Newcastle 1- 
Washington Oliver 2-2340 


PROFESSIONAL MOTION PICTURE 
PRODUCTION EQUIPMENT 
Cameras, Sound Recording, Editing, 
Laboratory and Affiliated Equip. 
Consulting Services by Qualified Engineers 
Domestic and Foreign 
REEVES EQUIPMENT CORP. 

10 E. 52nd St., NYC 
Cable: REEVESQUIP 


LAB-TV 
PROFESSIONAL 
16mm Black and White 
REVERSAL PROCESSING 


Processing on hourly schedules for 
Stations and Producers 
Write for Circular 


247 W. 46th St., New York 36 


WILLIAM B. SNOW 
Consulting Engineer 
Acoustics — Electronics 
Stereophonic Recording 
1011 Georgina Avenue 
Santa Monica, California 
EXbrook 4-8345 


HIGH-SPEED PHOTOGRAPHY 


Fastax Representative 
Fastax Cameras, Accessories, Film 
Fastax Photographic Service 


Photographic Analysis Company 


100 Rock Hill Rd., Clifton, N. J. 
Phone: Prescott 8-6436 


FILM PRODUCTION EQUIPMENT 
From a single source, equipment for 
Production—Processing 
Recording—Editing 
Domestic and Foreign 
S.0.S. Cinema Supply Corp. 
Dept. TE, 602 W. 52nd St., N.Y.C. 
Cable: SOSOUND 


Professional cards available to members, 12 insertions, 2 x 1 in., $60 
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sity measurements of black-and-white, silver- 
sulfide, and silver-image-with-dye soundtracks. 
The instruments, their application and perform- 
ance, are described. 


8:00 P.M. Color Session, Academy 
Award Theatre 


Color and Brightness in Projected Color 
Pictures 

RALPH M. EVANS, Color Technology Div., 
Eastman Kodak Co., Rochester, N.Y. 

This formal lecture will include demonstrations 

of color adaptation and brightness adaptation. 

Special projection equipment will be used to 

obtain desired effects. 


LADIES PROGRAM-—Aside the 
Monday Get-Together Luncheon and the 
Wednesday evening Cocktail Hour, 
Banquet and Dance, noted above, the 
exact schedule of events had not been 
laid down at press time. Detailed 
arrangements for the Ladies Program 
are in the hands of Mrs. Philip P. 
Caldwell and Mrs. John G. Frayne and 
their planning for a full program of 
interesting activities in the motion-picture 
capital is well ahead. 


Employment Service 


These notices are published for the service of the 
membership and the field. They are inserted for 
three months, at no charge to the member. The 
Society’s address cannot be used for replies 


Positions Wanted 


Motion Picture Production. Desire position 
as assistant to producer. Background includes 
camera experience, some directing in 35mm 
productions. Age 24. Write: Harry Wuest, 
137 Summit Ave., Upper Montclair, N.J. 


Positions Available 


16mm Printers, Color Timer, Negative Con- 
former: Permanent positions for qualified, 
experienced personnel. Company benefits. 
Send complete information and small photo- 
graph to Byron, Inc., 1226 Wisconsin Ave., 
Washington 7, D.C. 


Motion-Picture Laboratory Technician (Sensi- 
tometry), GS-8, $4620 per year. Applicants 
must have at least 4} years experience in all 
phases of motion-picture film processing in 
black-and-white and color. Position requires 
ability to handle quality control in processing 
and to make recommendations for and assist 
in improving the product. Further information 
from MCGCER, Headquarters, Air Materiel 
Command, Wright-Patterson Air Force Base, 
Ohio. 


Photographic Sales Technician. Require 
competent technician with at least two years’ 
college chemistry and phototechnical school 
training or equivalent. Must have thorough 
knowledge of black-and-white, color, studio, 
and photofinishing techniques. Must show 
definite interest in sales and willingness to travel. 
Send brief resume, including approximate 
salary requirements, to Gerald G. Wood, 
Ansco, 29 Charles St., Binghamton, N.Y. 


Laboratory Technician with years of experience 
and thorough knowledge of all phases of motion 
picture laboratory work—as assistant to plant 
superintendent. Sensitometric Control Man 
with thorough background and experience—full 
responsibility. Sound Engineer to maintain 
and operate magnetic and optical re-recording 
equipment. Applicants should contact: Her- 
bert R. Pilzer, Circle Film Laboratories, Inc. 
33 West 60th St., New York 23. Tel. Co 5-2180 
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precision. 
partners 


... first in service throughout the world 


Professional Portable Splicer 
for 35mm, 16mm and 8mm films. 
The Model 198 splicer handles 
heavy-duty work, yet retains the 
advantage of portability — sets a 
new standard of precision and rug- 
Model 198 from $185 
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Continuous Printer Model 5205 — adapts 


for color films, black-and-whites, TV films 
and for the new 32mm process (printing two 


16mm films simultaneously). 


Bell & Howell 


Professional Equipment Department 
7185 McCormick Rd., Chicago 45, Il. 


Model 5205 from $3,795 


New 300-watt Super-High In- 
tensity Printer Lamp is 194.8 
foot-candles brighter than any 
other 300-watt printer. Included on 
all new Model 5205 printers, this 
lamp may be added to B&H print- 
ers now in the field. $595 


Automatic Film 
Splicing Machine 
Model 5692 —famous 
for fast, easy splicing 
of both 16mm and 
35mm film. Permits 
scraping of both the 
emulsion side and the 
base side of the film 
—so essential with the 
new magnetic films 
and other 35mm devel- 
opments, 


Model 5692 from $975 


SOUND-ON-FILM EQUIPMENT PORTABLE PC SOUND RECORDER 
= 
$ 
127 
ba 


There’s only one 


color-correct* 


»-.and byron can give Want guaranteed satisfaction for your color films? 
you all these 16mm production 
facilities on one order: Demand Byron color correct* prints. Demand the industry’s 


script highest standard of color duplication. Byron 


art service is dependable —prices are the lowest in the 


scan editing ” industry —quality the best. Call today for our 
sound effects 
— illustrated brochure and price list. 


animation 


__Trecording 8-hour service if required 
complete black-and-white 


laboratory facilities ly ir : 
— —— y n Studios and Laboratory 


music library 


sound stage 1226 Wisconsin Avenue, N.W., Washington 7, D.C. DU pont 7-1800 
location photography 


titling 
*& Reg. U.S. Patent Office 


DISCRIMINATING PRODUCERS EVERYWHERE USE BYRON’S FULL RANGE OF 16MM PRODUCTION SERVICES 
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New index; Proposed Revision of Three 
American Stondards PH22.15 46, ~.28; 
Americon Stondeirds: -.39, -.95, 


“96-1954 of 222.54- 
39 


76th Convention Wy 


Bourd Meeting; Notice of Annwat ieeting:; 
The Mew Journal. 


1954-55 WAAM Television Fellowship: 


ANERICAN STANDARDS 107 


Flash! UNro-High. Speed Photography, 2:/ 


od., by Horsid Edgerton and Jame: 


Jr, reviewed by Kenneth Morgan: 
L’Are Slectrique. By Dr, Jean sot, 
reviewed by C. Greidar. 


Film Processing Corps 19 
Precition Film Loboratories, Ine... «118, 122 


American institutes of Betivical Engineers) Pill Genera! 


Avdl> Exgisearing Bp et; 13-17, New York, N.Y. 
Optical Society ot America, Oct, 14-16, Ambanador Hotel, 


7 Sth Sembannve! Convention of the SMPTE, Oct. 18622, 


der Lor Angeles 


Theatre Equipment end. Amsociction 


Trade Show, with exhibits, Oct. 
Conrad Hitter Hotel, Cicage. 


Adult Ex -otion Assocation, Matténal Conference, Now, 5-10, Motel 


Hatlone! Eloctricol Miran Asn, Nov. Haddes Hell Hotel, 
Atlant : Cay, J, 

77th Convention of the SMPTE, Apr. 1955, 
Deeks Hotel, Chiec 


Advonce Program, 76th Comvention . 120 
: 

Bact onics Tenth Anwel Conference, 4- Comsnizsien oxi: he detent Inter. 

: 6, Hote! Sharman, national conference in Zurich, Ame 13-22, 1953. 
Photographic Soclety of America, Annwa' Meeting, Oct. 5-2, Drake Offers of paper: chould be adtiressed to the Cinlrmen of the 
Chico ge, Popers Committees (A. A. Brainerd), 1013 Chasicot Phitedel- 


phia 7. Marectipis must be In the hands of the Contret 
betwee Oct. | ond Doe, 31, 1954, 

Biological Photog.crhic Associatiim, Anwel Meeting, Avg. 
Sept, 2, 195.5, Wisconsin Hotel, 

Teth Coovevtios of the SMPTE, Oct. 9-7, 1983 (nex 
yeor), Loke Club, Cownby, MAY, 

phic. Society of Amarin, 1985 Convention, Oct. 5-8) 

1985, Srerates-Picza Hotel, Boston, Mats. 

7th Semlentve! Convention of the SMPTE, Ape, 4, 196, 
Hetal Statler, New ork 


Convention ef the SMPTE, Oot, 7-12, 1956, 


Angeles 


Semlaneval Convention of the SMPTR, Agr. 3, 1987, 


Shoreham Hote), 0. 


Hotel Statler, 


SMPTE Officers and Commitieas: The rosters of the Officers of the So-iety, ii. Sections, Subsections and 
Chapters, and of the Committee Chairmen ond Members were pub'ished in the April Journal. 
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Compa 
Bowser & Lomb Optical Ca, 


ts Company, Ine, 
 Ganerel Gecivic Company Optics Company, 
SOS. Cinema Supply Corp, 
SRT Television Studios 
y Fins Limited (Canada) 
The ‘Hoffman Corporation 
Tedinicolor Motion Picture Corporation 
Kollmorgon Optical Corporgtion | Wenzel Projector Company 
Maurer, inc. Wilding Picture Productions, Ine. 


Research Labora Radio Pictures, inc 
Fim Laborarories, me. 
POF OTOTISS, 


